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VLADIMIR  YAKOVLEVICH  KURBATOV 
AND  HIS  PHYSICO-CHEMICAL  INVESTIGATIONS 

(on  his  75th  Birthday) 

V.  V.  Razumovsky 

Professor  Vladimir  Yakovlevich  Kurbatov  is  one  of  the  oldest  of  the  physical  chemists,  a  student  of  D.  L 
Mendeleev  and  D.  P.  Konovalov.  For  45  years  V.  Ya,  has  headed  the  Chair  of  Physical  Chemistry  In  the  Leninsrad 
Technological  Irutitute;  he  is  its  originator.  The  successful  and  very  fruitful  creative  duties  of  V.  Ya.  Kurbatov 
have  extended  for  a  half  century  in  the  field  of  physical  chemistry,  continuing  and  developing  the  scientific  aims 
of  his  great  teacliers.  Blazing  new  trails  Ln  the  study  of  the  propeities  and  internal  structures  of  liquids,  colloids, 
and  gels,  V.  Ya.  enriched  his  native  chemical  science  with  many  extensive  generalizations  and  discoveries. 

V.  Ya.  Kurbatov  was  born  on  January  24,  1878  In  St.  Peterd>urg  into  a  servant’s  family.  In  1896,  on 
finishing  the  primary  government  school  and  il»e  7th  St.  Petersburg  Gymnasium,  he  entered  the  Natural  Science 
Division  of  the  Physlco^lathematical  Faculty  of  St.  fttersburg  University,  In  1897,  Vladimir  Yakovlevich 
began  tc  conduct  scientific  investigations  in  D.  P.  Konovalov’s  laboratory.  In  1900  he  finished  at  the  St. 

Petersburg  University,  and  was  allowed  to  remal;.  for  preparation  for  professorship.  He  very  often  met  D.  L 
Mendeleev  in  D.  P.  Konovalov’s  laboratory,  whose  assistant  V.  Ya.  Kurbatov  was  from  1900-1907,  and  he  often 
discussed  problems  in  chemical  science  and  the  results  of  his  own  experimental  investigations  widi  him  at 
gatherings. 

In  1905,  V.  Ya.  began  to  teach  the  course  in  general  chemistry  for  the  St.  Petersburg  Agronomic  Courses, 
where  he  also  organized  the  first  chemical  laboratory.  The  summer  of  that  year  he  worked  in  Henri  Le  Chatelier't 
laboratory  in'  Paris.  In  this  laboratory  he  discovered  reagents  which  made  possible  the  correct  differentiation  of 
the  constituents  of  quenched  steels. 

In  1907,  V.  Ya.  Kurbatov  was  invited  to  leach  the  first  complete  course  in  physical  chemistry  at  the 
St,  Petersburg  Technological  Institute,  in  which  he  created  the  Chair  of  Physical  Chemistry.  In  1908  he 
participated  in  the  organization  of  the  chemical  faculty  of  the  Womens’  Polytcchnical  Institute,  begun  by 
P.  N.  Ariyan,  and  from  1908  to  1923,  he  taught  the  coarse  in  Physical  Chemistry  for  the  future  first  Russian 
women  engineers. 

In  1913,  V.  Ya.  was  a  member  of  the  co.mmission  and  main  consultant  for  the  construction  of  a  cyaaamJde 
plant,  later,  iu  must  be  mentioned  that  other  factories,  in  particular  potassium  hydroxide  factories,  were  constructed 
with  his  consultation.  In  1915,  V.  Ya.  headed  the  materials  testmg  laboratory  for  the  Ministry  of  Agriculture,  in 
which  he  condi.cted  a  series  of  Investigatio'is  on  the  preparation  of  flexible  cast  iron,  cementation  of  steel  while 
studying  materials  and  steels  for  agricultuial  implements  and  machLnes. 

V.,  Ya,  Kurbatov  adopted  the  Great  October  Socialistic  Revolution  completely  and  without  reservation. 

From  the  star*,  of  the  revolution,  he  was  an  active  participant  in  the  construction  of  Soviet  higher  schools,  in 
the  construct'.on  of  a  new  socialist  culture.  EVeii  in  1917,  he  was  designated  consulunt  to  the  Peoples 
Commissariai  fpt  Education  of  the  young  Soviet  republic.  In  1918.  a  state  museum  was  created  by  die 
Soviet  government  in  Moscow  on  the  proposal  and  plan  of  V.  Ya.  Kurbatov.  A  course  in  commercial  economics 
was  organized  at  the  museum,  which  was  then  reorganized  into  the  Institute  of  Communal  Economics. 
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In  1919,  V.  Yi.  was  desim^ted  a  member  of  live  Soviet  of  Peoples  Economy  for  the  Northern  Section, 
v.  Ya,  Kurbatov  was  one  of  the  most  important  of  the. chemists  and  scientia:  advising  tf.e  government 
an  quesucoi  of  the  chemization  of  the  country  for  tb.e  Sovnarkam  of  the  USSR.  V.  Ya.  contributed  great 
scientific  pedagt-gic,  aiii  organizational  effort  during  the  first  years  of  the  Soviet  Rule  to  the  higlie:  institutions 
of  learning  Ln  Leningrad,  served  as  professor  of  Rtysical  and  General  Chemistry  at  the  Photochemical,  Agronomic, 
and  Pedagogic  Institutes.  In  1924,  he  utight  a  course  in  physical  and  colloidal  chemistry  at  the  War-Economy 
Academy  c/  the  Workers*  and  Peasa.nts*  Red  Army.  In  the  following  years,  he  participated  actively  In  the  organiza¬ 
tion  ci  leaching  m  r'^e  Workers’  University,  served  as  a  member  of  the  Commission  on  Self  Education  for  lOSPS, 
ard  was  the  cips nicer  of  tiie  Chemical  Section  of  the  Leningrad  Industrial  Academy. 

During  tn?  >ears  of  the  Stalin  five  vear  plans,  V.  Ya.  Kurbatov'  directed  his  activities  at  the  development 
of  chemical  uviu  try  in  our  country,  to  the  organization  of  new  chemical  plants.  He  served  as  a  member  of 
scientific  counsf  Is  and  as  a  consultant  to  the  Scientific  Research  Institute  for  Plastics,  the  All-Union  Scientific 
h'l'titute  for  Fa's.  C«.ntral  Laboratory  of  tiic  “Red  Triangle*  Factory,  the  All-Union  Aluminum  Magnesium  Institute, 
the  Central  Accumulative  Laboratory.  Ln  all  of  these  years.  V,  Ya.  conducted  an  exuemeiy  large  amount  of 
consultant  work  i  h  production  in  wcr’s  shops  and  laboratories  of  Leningrad  plants  and  factories.  Discoveries 
during  indosiriai  and  laboratory  expt  rimeru  for  the  solution  of  actual  mdastriai  problems  enabled  him  to 
Jcrn'ulate  new  physico-chemical  laws  and  riccries. 

In  the  Great  Patriutic  War  of  1S41-1&45.  V.  Ya.  conducted  a  series  of  l.mportant  experLmenul  Investiga¬ 
tions  for  indurtry,  cocsi'ited  for  many  pla'-ts  and  factories,  developed  technical  conditions  for  die  storage  of 
afti-tic  ir.wtriorial.s  ;  bronze  ironuments)  during  tlie  war  and  blockade  of  Leningrad.  The  vtork  of  V.  Ya.  on  the 
p.eparatio'i  oi  engineers  aod  scientific  staffs  of  the  Naval  Forces  of  ilie  USSR  deserves  mention. 

V.  Ya.  Kurbatov  co.nducted  his  great  general  work  from  the  first  days  of  the  Great  October  Socialist 
Revolution.  From  I&IT  up  to  the  present  time,  he  gave  iriore  than  tvro  thousand  lectures  at  plants,  factories, 
at  milnary  posts,  werviips,  clubs,  hospitals,  lecture  halls,  and  Courses  of  Culture  on  various  sciences  and 
scientific  technical  ihemej.  V.  Ya.  Kurbatov  was  one  of  the  orga'tizers  and  a  member  of  the  presidium  of  the 
.^ll-U.nior.  Scientliic  Engineering  Technical  Society  ofChemists  in  its  Leningrad  Section  (19Q0-1938),  a  member 
of  t.hc  Educational  Council  cf  the  Scientific  Chemical  Technical  Press  (from  1918-1938),  a  member  of  die  organlza' 
lion  comrriaee  for  the  V.  L  Mendeleev  Congress  ( 1932),  a  member  of  the  editorul  staff  of  the  Joiunal  "Chemistry 
and  Econoijiy"  (1929),  a  member  of  the  presidium  of  the  Society  for  the  Welfare  of  the  Soviet  Union  and  for  the 
Development  of  the  Aviation  and  Chemical  Industries,  Leningrad  Region  (1927).  He  did  varied  and  very  useful 
work  as  a  deputy  of  the  Leningrad  State  Counsel  during  Its  session  (1930-1938). 

During  his  years  as  professor,  V.  Ya.  educated  several  generations  of  Soviet  engineers  and  technologists, 
many  ci  whom  became  builders  and  inventors  of  the  Soviet  chemical  industry.  Among  the  students  of  V.  Ya. 
Kurbatov  are  heads  of  scic'^tific  research  instiuitcs  and  enterprises  of  tlie  chemical  tnuustry,  heads  of  the 'chairs  of 
higher  LnstitniionSj  and  chief  engineers  of  the  great  plants. 

Tiie  Soviet  authorities  honored  highly  tlie  many  years  of  the  great  creative  work  of  the  scientist  inventor, 
patriot  of  the  Motherland,  by  awarding  the  Order  of  lenL’i,  tlie  Red  Banner  of  Labor.  the  medals  "For 

Victory  over  Germany",  and  "For  Valiant  Effort  in  the  Great  National  War  of  1941-1945",  and  awarded  him 
the  iKinorary  title  "one  distinguished  in  science  and  techr»ology". 

.1 

Foi  50  years  (1902-1962)  the  scientific  efforts  of  professor  V.  Ya,  Kurbatov  were  directed  at  the  study  of 
the  propeitles  a'ld  Internal  stnicture  of  liquids.  The  first  investigation  of  liquids.  "On  the  Relation  of  Laumt  Heat 
of  Evaporation  and  the  Density  of  the  Vapor"  [i]  was  on  the  determination  of  the  heat  capacity,  latent  heat  of 
evaporation,  and  the  compressibility  of  aniline  hydrochloride  vapors.  V.  Ya.  established  that  dissociation  varies 
to  a  considerable  degrez  with  the  temperature,  as  well  as  the  pressure.  This  first  scientific  investigation  oi 
V.  Ya.  Kurbaicv  was  honored  in  1903  by  the  Russian  Physical  Chemical  Society  by  a  small  prize  in  the  name 
of  A.  M.  Butlerov. 

In  1902,  V.  Ya.  published,  for  the  first  time  in  the  history  of  chemistry,  the  determination  of  the  latent 
heat  of  evaporation  of  mercury  and  its  heat  capacity  (2).  This  investigation  showed  the  preferential  application 
of  mercury  vapor  over  water  vapor  in  heat  engines,  and  served  as  the  sUmulus  for  the  designing  of  heat  elcctrlc.il 
centers  on  the  mercury  water  cycle. 
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In  his  woA  or  the  determination  of  the  latent  heat  of  evaporation  of  roercitry,  and  cn.  study  of  the  beat 
capacity  arxi  the  l?.t*-nt  heat  of  evaporation  of  aniline,  V.  Ya,  overcame  many  great  experimental  difficulties,  and 
obtained  such  accurate  resells  that  they  were  entered  into  the  basic  reference  books  on  physicc-chemical  values. 

in  1907,  on  the  basis  of  uie  study  of  heat  capacity  and  heat  of  evaporatioa  of  a  large  enmoer  of  different 
organic  le^uids,  V.  Ya,  Kurbatov  came  to  tne  conclusion  that  "the  forces  of  crystal  fccmatioc  aifect  the  properties 
.of  substances  in  the  liquid  state"  [31  "If  not  all.  then  some  properties  of  the  amorphous  state  are  related  to  tbe 
ability  of  the  given  substance  to  form  a  crystal  Lattice"  [41  Although  the  above  theoretical  conclusions  of  V.  Ya, 
Kurbatov  are  now  not  doubted  at  all,  at  that  tune  they  were  met  with  sharp-objections  arsi.*  furious  attacks  from  the 
side  of  die  defenders  of  the  outmoded  and  reactionary  factions  in  science.  These  theoretical  generalizatiCKU  aod 
experimental  investigauons  of  over  30  organic  liquids  were  published  by  V,  Ya.  Ln  his  fust  mcoograph.  "On 
Klolecules  Formed  by  Compounds  with  Similar  Groups.  The  Appearance  of  Associatitc*  (^Sl.  F^iershurg.lSOS). 

Up  to  1916  V.  Ya.  Kurbatov  had  investigated  more  than  150  liquids  [51  As  a  result  of  tbg  many 
investigauons,  he  first  showed  that  die  degree  of  ionic  exchange  between  their  molecules  had  a  great  effect  upon 
the  properties  of  liquids.  Accordiiig  to  Kurbatov ’»  iaggesuoi^s.  panicles  of  liquids  are  net  ccly  attracted  to  each 
other  as  a  whole,  but  even  exchange  ions  to  a  ceruin  extent: 

1122  ^221 

This  t>Tpe  of  transformation  deper  d>,  according  to  V.  Ya  Kurbatov,  on  the  case  cf  transition  of  molecules 
from  the  iion-ionic  to  the  ionic  state,  whicfi  is  aided  by  the  asymmetry  of  the  surrouniir^  crclecules  and  the 
molecular  iuteraction. 

In  view  cf  t!»e  great  amount  of  experimental  difflculues  for  tbe  determinatioii  cf  beat  capacity  of 
poor  conducter  liquids,  V.  Ya  Kurbatov  used  intermolecular  coupling  to  study  their  car-re.  Tbe  calculation  of 
the  intermoiecula'  coupling  of  liquids  by  means  of  Kurbatov’s  equations  required  a  knowlecge  cf  the  value  of 
the  heat  capacity  of  superheated  vapors,  wnich  was  only  slightly  studied  at  that  time.  Curing  experiments  on 
the  determination  of  the  heat  capacity  of  superheated  vapors  for  16  sabiiances.  be  shewed:  1}  at  coa«taat 
te.mperaruies,  the  heat  capacity  of  superheated  vapors  Ls  equal  to  half  the  beat  capaciry  cf  tre  liquid;  2)  the 
relation  between  the  heat  canacity  and  temperature  foi  superheated  vapors,  as  well  as  fnc  lipids,  is  expressed  by 
a  straight  line,  or  curves  closely  resembling  straight  lines;  3)  the  molecuiai  weight  cf  liquiis  with  sufficiently 
large  ionic  interchange  Is  equal  to  the  weight  of  the  given  mass  of  liquid,  whether  it  is  a  deep  or  an  ocean.  The 
last  suggestion  of  V.  Ya.  Kurbatov  was  debated  far  a  long  time  in  tne  scientific  literamm.  bet  after  two  generations, 
it  found  complete  experimental  basis  and  was  proven  by  Langmuir  at  the  International  Ftysico-Cbemlcal  Conference 
in  1936  at  Edinburgh. 

Yearly  increasing  the  number  of  inve..tigaied  liquids  and  tbe  temperature  langns  of  tbt  experiments,  up  to 
1927  V.  Ya.  Kurbatov  had  deiermitied:!)  ihc  heat  capacity  of  136  liquids  at  temperanues  from  60-350";  2)  the 
heat  capacities  of  five  liquid  metals  at  wide  temperature  Intervals,  Hgffrom  35  to  346").  Na  {99-304"),  K  (79-150*), 
Cd  (353-562  ").  Fb  (351-446*);  3)  tne  latent  heat  of  evaporation  of  125  liquids,  for  roost  cases  the  determinations 
were  made  at  temperature  inteivals  of  60*  (at  pnsssures  from  760-100  rom).  4)  heat  capacirseuof  vapors  of  18 
sub.>tances  at  various  temperatures  within  intervals  of  about  60*;  5)  boilL'ig  points  of  194  liqiads  at  25-900  roai: 

6)  surface  tensio.!  and  capUlary  consunts  of  36  liqsias  at  0-300*.  All  of  these  experiroeniai  results  and  theoretical 
generalizations  composed  V.  Ya.  Kurbatov’s  ir.ud  moisograph  [61 

The  later  investigations  of  V.  Ya.  Kurbatov  a.id  his  studer  ts  were  directed  at  the  deiermination  of  the  heat 
capacity  of  450  organic  liquids,  and  to  see  t.ne  eftect  of  various  functional  groups  on  tbeir  properties,  Tbe  mala 
results  of  the  scientific  investigatio.ns  of  the  last  quarter  century  (1927-1952)  were  presen^eii  by  him  at  the  lit 
Iniemaiijo nal  Congress  on  Hiysical  Chemistry  In  Fan».  at  the  meetuigs  of  tbe  Mendeleev  All-4’aion  Chemical 
Society.  A  compilation  of  these  investigatiou  v»as  fniblished  in  monograph  form  17-Si 

In  all  of  his  published  papers  or  liquids.  V.  Ya.  Kurbatov  establuLed  iropoitacr  lawn  cf  the  liquid  and 
gaseous  states  of  substances:  1)  Kneat  relationship  of  tije  heat  capacity  of  gases  (super  tea*.ed  vapors)  with  tbe 
tempe*  ature;  2)  the  similarity  between  tbe  above  temperature  coefficient  of  beat  exeban^  of  gases  and  the 
Cwcfflcient  of  expansion  of  gases.  3)  the  equality  of  tt<e  given  temperature  coefficieoi  of  aeax  capacity  of  weakly 
ionized  liquids  to  0.0022  and  Its  decrease  upon  goug  lo  liquids  cf  gieaiet  lomzabllity;  4)  aJdmvity  of  the 
mo.ecular  heat  capacity  of  liquids;  5)  the  cqualiiy  C!  the  given  volume  of  all  liquids  at  a  corresponding  temperature. 
All  of  these  laws  enabled  V.  Ya.  Kurbatov  to  propose  a  i:ew  compietc  association  tiieory  ct  liquids,  which,  in 
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relation  to  the  degree  of  ionization,  classifnt-  ail  liquids  into  a  finely  divided  series  from  the  least  Ionic  liquid, 
helium  IL  to  nioUen  metals  and  lalts  [lO], 

Usmg  Lhese  equatiais.  V.  Ya.  calculated  the  iniermolecular  association  for  50  liquids.  The  parallelism, 
i'yavn  by  him.  between  the  increase  in  the  intermolecular  association  of  liquids  and  dteir  clectroconductivlty, 
dielectric  constant,  and  chemical  activity  resulted  in  convincing  and  thorough  verification  for  the  polylonic  tiicory 
of  association,  according  to  which  the  liquid  state  is  a  continuously  forming  and  dissocUting  crystal. 

Tl-e  experimeDtal  data  of  V.  Ya.  Kurbatov  on  the  determination  of  the  propertie,  of  liquids  were  published 
as  standards  by  the  Inter -Peoples  Bureau  of  Standards  and  are  widely  used  Ln  Soviet  chemical  literature,  and  In 
particular,  Ir  M.  Kh.  Karapet>'ants’  book  on  chemical  thermodynamics  which  earned  lite  Sulin  prize  in  1951. 

V  Ya.  KiThatov’s  representation  of  water,  as  well  as  of  substances  with  latent  crystaliLne  structure,  is  the  basis 
for  the  study  of  the  structure  of  water  in  tliC  paper  of  O.  A.  Aiekina  "General  Hydrochemistry,  the  first  national 
course  In  hydrochemUtry  which  earned  the  .taim  prize  in  1950. 

Tneotet’cal  and  experimental  papers  of  V,  Ya.  Kurbatov  in  the  field  of  physico-cnemical  properties 
resulted  in  the  development  of  methods:  1)  for  the  intensive  piirificaticri  of  natural  waters  trorn  organic 
r  .bsiances,  iron,  a-a  manpariesc;  2)  for  the  softening  of  ir.Lteraiized  waters  witi:  deionizers;  and  3)  for  the 
coAservatinr.  of  dxirtVirg  water. 

II 

Tlie  ertabitshmcri  and  development  of  indusuy  in  leningrad:  food  leafier,  fat,  cellulose-paper,  and 
laquer  pigment,  after  the  first  Wcild  and  Civil  War.  made  the  planned  study  of  colloidal  phenomena  most 
irrpcrtant.  la  the  period  from  1919  to  1923,  V.  Ya.  Kurbatov  investigated.  In  relation  to  industrial  problems, 
pmpenies  of  colloidal  solutions  and  gels,  in  1924,  on  the  basis  of  experimental  material  obtained,  he 
proposed  the  crystalline  polyaniphion  theory.  This  theory  holds  that  colloids  and  gels,  whose  external 
appearance  shows  uhe  absence  qf  crystallization,  can  exist  only  Ln  the  presence  of  a  microskeleton  of  seed 
crystals  within  them  wrdch  develops  sufficiently  slowly.  Tliis  proposed  theory  of  Kurbatov  is  being  confirmed 
by  all  experimcnul  material  from  1924  up  to  the  present  time.  It  must  be  especially  mentioned  that 
Kurbatov’s  theory  speaks  of  the  presence  of  a  seed  crystal  skeleton  within  gels  or  colloidal  emulsions,  ard  not 
of  the  crysullization  of  the  entire  geU  The  formation  and  the  preservation  of  gels  and  colloids  is  then  determined 
by  the  followmg  laws  established  by  V.  Ya.  Kurbatov:  1)  the  rate  of  crystallization  decreases  with  Lncrease  in 
the  valency  of  the  ions,  decreasing  with  especial  rapidity  •  upon  gorng  from  bivalent  to  mvalent  ions:  2) 
the  subility  of  the  crystals  increases  on  going  from  Ions  of  low  valency  to  those  of  high  vale.ncy,  and  especially 
sharply  upon  going  from  bivalent  to  uivalent  ions. 

Accoidmg  to  tte  suggestions  of  V.  Ya..  each  ion  is  a  cation  In  a  sufficiently  acidic  medium,  and  an 
ardon  in  a  safficie.ntly  basic  one;  and  in  the  irarisition  state,  an  amjliion.  Amphions  carry  positive  and  negative 
charges  simultaneously,  and  at  the  eq;ial  charge  state,  as  a  result  of  the  neutralization  of  the  opposing  charges 
ar-d  the  separation  of  water,  form  one  gereral  polyamphion.  Upon  the  appearance  of  seed  c  ystals  in  the 
polyamphion.  it  changes  into  a  crystallo-polyamphion  [10-13,  281  Kurbatov's  crystailo-polyamphionic  theory 
resulted  in  the  successful  solution  of  many  industrial  problems  for  the  Lerdn^tad  industry.  In  particular,  the 
rapid  and  successful  solution  of  the  producticxi  of  cellulose  and  motlo.n  picture  film,  control  of  emulsions 
for  i^otDtechruque,  problems  of  blending  of  rubber  and  textiles  for  shoes,  the  problem  of  the  production  of 
water  proof  cartons  for  ilje  acetonitrile  industry,  of  tlie  thickening  of  glycerine,  of  mass  corrosion  of  aluminiim 
products,  etc. 

The  crystailo-polyamphionic  theory  was  changed  and  developed  for  the  physico-chemical  explanations  and 
the  study  of  the  phenomenon  of  life  [14].  The  reco^ition  of  the  presence  of  amphions  and  pclyami^ions  in 
electrolytes,  led  V,  Ya.  Kurbatov  to  the  poiyionic-galizate  theory  of  electrolytes  [15-171  The  polyionic- 
gallzate  theory  not  only  sutes  that  water  hydrolyzed  electrolytes,  but  that  the  electrolyte  dissolved  in  the  water 
simuliarieously  "galizates",  Le  ionizes  the  water.  The  polyionic  galizaie  theory,  in  particular,  explains  the 
different  degrees  of  ionization  (dissociation)  for  the  same  electrolyte,  determining  the  various  properties.  (Thus 
for  example,  for  an  0.5  N  solution  of  KlgS04  these  differences  are  close  to  50*!^). 

For  the  past  few  years.  V.  Ya.  Kirbatov  and  his  students  have  conducted  the  expeiLmental  and  theoretical 
development  of  the  basic  proposals  of  the  poiyionic-galizate  theory  of  solutions. 
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A  large  part  of  the  scientific  creative  effort  of  V.  Ya.  Kurbatov  was  occupied  in  the  continuation  of  the 
scientific  legacy  of  D.  L  Mendeleev,  in  tiie  development  of  his  great  ideas.  *We  will  continue  the  studies  of 
D.  L  Mendeleev",  wrote  V.  Ya.  Kurbauiv  in  1908,  "somewhat  further.  At  the  present  time,  we  know  of  two 
finite  individualisms,  the  lower  limits  of  smallness,  the  electrons,  the  upper  limit  of  greatness,  the  galaxies". 

As  a  scientific  materialist  and  dialectic  he  believed,"  There  is  no  reason  for  thinking  that  individualisms  cannot 
exist  which  are  composed  of  galaxies  as  these  are  composed  of  solar  systems.  Ir  is  important  also  not  to  tftink 
of  electrons  as  limits  of  fineness.  If  the  whole  universe  is  infinite,  then  electrons  can  be  subdivided"  [183. 

Dcms  the  transfer  of  the  individualism  of  the  macrocosmos  (star  systems)  to  those  of  the  microcosmos  (electrons 
of  a  smaller  order).  V.  Ya.  Kurbatov  [19]  piedicied  discovery  of  super  galaxies-meta  galaxies,  the  existence 
of  which  was  shown  22  years  after  his  prediction  by  Hubble  and  Shapley  (1920). 

Other  important  ct^clusiocs  from  his  work  il906-i9C8)  is  the  recognition  of  the  infinite  division  of  the 
atom  itself.  Examining  the  principle  of  increase  Li  entropy.  V.  Ya.  Kurbatov  stated  that  the  increase  in  entropy 
coticteracts  ite  opposite  process,  the  forraatlon  of  parucles  from  atoms,  "If  we  generalize  the  basic  principles 
of  thermodynamics  for  equilibrium  of  all  condmou,  tcr^iency  for  maximum  entropy,  then  it  is  comprehensible 
that  all  sLmilai  violations  of  equilibrium,  all  individualisms  will  tend  to  repel  oue  another,  since  the  further  they 
are  L’om  each  other,  the  least  is  tne  disturbance  of  equilibrium  in  the  given  position.  Conversely,  two  opposing 
dntuibanccs  will  lend  tc  destroy  one  another,  and  tlierefore,  tend  to  approach  each  other.  The  appearance  of 
iniividualisms*.  continues  V.  Ya.  Kurbatov,  "atoms  wttn  a  defined  period  of  life,  disturtsthe  general  tendency 
for  equilibriun..  The  reason  for  this  we  do  tiot  know:  we  can  ordy  say  that  such  an  individualism  is  more  stable 
than  the  scattered  individualisms  of  a  lower  order"  (201. 

Naturally.  V.  Ya.  Kurbatov,  a.  a  scientist  inaterlalist.  was  outstanding  in  the  very  beginning  of  orr 
century  against  one  of  the  vanous  sect,  of  "physical"  idealism,  the  energitism  of  W.  Ostwald.  In  connection 
with  Ostvraldian  energitism.  V.  Ya.  Kurbatov  wrote  in  1908,  "but  after  these  many  years  It  is  clear  that  the 
cnergetistic  conception  of  the  world,  suitable  for  tiie  expression  of  discovered  facts  using  different  words, 
canaot  in  any  way  explain  the  uatuie  of  ihe  processes  which  arise"  [2ll 

In  1908  V.  Ya,  Kurbatov  came  to  tr.e  conclusion  that  two  types  of  chemical  compounds  existed  (22]. 
According  to  V.  Ya.  Kurbatov.  "Cer.aia  electrons  of  t.ne  atoms  separate  readily  aid  electrostatic  (electrolytic) 
bands  are  formed  between  atoms  as  a  result,  wherein  the  number  of  such  electrons  ccr.esponds  to  the 
denominatioiof  the  group  in  the  Mendeleev  order  [  in  so  far  as  it  is  not  greater  than  the  ability  of  the  atom 
to  add  these  elections  (4.5,6,  and  7  grocps)r  [231 

In  the  fnst  type  of  chemical  co.Tipourids.  the  atoms  are  bound  with  each  other  by  the  attraction  of 
o;^site  electrical  charges.  In  the  second  type,  a  substitution  of  one  oi  more  electrons  of  one  atom  by  atoms 
and  groups  of  atoms  occurs. 

V.  Ya.  Kurbatov  pointed  out  ir.at  "it  is  'icces'.ary  to  recognize  the  existence  of  s{^clal  bonds  in  order 
to  explain  compounds  ixit  subject  to  eiectrolysiS:  for  example  SnCl^  CH4,  etc."  (221  These  ideas  of  V.  Ya. 
Kurbatov  we-'C  of  considerable  impcrta..ce  ‘or  the  development  of  electronic  ideas  in  chemistry,  and  In  many 
ways,  anticipated  the  tneorfes  of  Kossel  (1916)  and  Lewis  (1916). 

V.  Ya.  Kurbatov  had  previously  discovered  the  relation  between  the  electroconductivity  of  metals 
and  their  position  in  the  Mendeleev  system.  Tlte  discovery  of  this  relation  showed  that  the  clectrttonductivity 
decreases  upon  going  from  metals  of  tl>e  lov»et  greup  cf  the  Mendeleev  system  to  those  of  the  upper.  Decrease 
of  eleciroconductivity  of  metal  with  Lncrea>e  L*!  lempeiatuie  was  explained  by  V.  Ya.  as  resulting  from  the 
increase  in  the  disoide’ed  movement  of  tr.e  n-etal  loas  in  piopoition  to  the  Increase  in  temperature  (24]  The 
increase  in  elecirocor.ductiviiy  of  alleys  and  then  very  low  temperature  coefficients  of  eleciroconduciivity 
were  explamcd  by  him  as  the  effect  of  the  formanoi  of  local  thermocouples  between  the  different  atoms.  Although 
all  of  these  generalizations  were  published  by  V  Ya.  Kurbatov  in  1&07“1908,  after  1916  they  began  to  be  assigned 
to  K.  Bendix  without  any  basis  We  notice,  by  the  way,  that  the  question  of  the  effect  of  temperature  on  the 
electroconductivity  of  metals  was  picked  up  in  tlie  foreign  scieiiific  literature  only  in  the  thirties. 

In  1925-1927.  V.  Ya.  Kirbatov  piopo^ed  a  hyperboloid  form  for  D.  L  Mindeleev’s  periodic  system  of 
c'nemical  elements  (20-27,  10],  tepresenting  the  Mendeleev  system  ii»  the  form  of  a  hyperboloid  of  rotation, 
be  placed  the  rare  earth  elements  ia  the  center  systems,  where  two  spirals  unfold,  one  toward  the  lighter 
clemensi.  the  other  toward  the  heavier.  Such  a  form  represeating  tlic  periodic  system  shows  the  continually 


553 


i-slated  prcpcnie*  and  trx  intemiption  of  tie  uansitioa  of  properties  from  eierncnt  to  eicmcnt.  naturally 
the  rare  earths  and  the  actinides. 

rr.e  lorg  and  fruitful  work  of  V.  Ya.  Kurbatov  on  the  propapandiaation  of  the  scientific  discoveries  and 
irvertigationj  ot  D.  t.  Merdeleev  by  compiling  and  editing  many  of  ±t  collected  papers  of  the  scientific  genius 
must  be  mentioned.  He  read  the  report  "General  Review  of  the  Scientific  Activiues  of  K'iCrdcleev*  [25]  after  ^ 
>.:epdeieev’s  death  at  tbe  fini  K^ndeleev  Cor  giess.  In  1SC5,  V.  Ya.  Kurbatov's  monograph,  D,  A.  Mendeleev  s 
Law."  appeared,  in  which  more  nhan  100  ptopenies  of  chemical  clemcnis  were  compared  for  VjC  families  of  the 
Periodic  sys-.eni.  A  series  of  generalizaticns  weie  given  in  ttis  monograph  by  V.  Ya.,  which  arose  from  the  basic 
piincipies  cf  u.e  Ktendeleev  Law  p6i 

In  V.  Ya.  Kurbatov's  monograph,  "The  D.  1.  hiendeleev  System  of  Tiements  and  Claitiflcation  in  Chemistry* 
[JOi  presetiird  by  tbe  Academician  of  Science  of  tlie  USSR  or  the  100th  artniveisary  of  ihe  birtb  of  D.  L,  are  given 
the  mateiia,i£im  atd  ck::r)ei:Lai -dialectic  basis  of  the  scientific  theoretical  views  of  tbe  great  fcis^ian  scientist 
and  ioeaiiu.  ar*i  tueir  value  for  the  development  of  modern  crcralcal  scier.ee  was  shown. 


Ip  conclin-ion  ft  mvst  be  mentioned  that  V.  Ya.  Kurbatov  1$  widr’y  known  as  an  a'chirec^ural  historian,  ex- 
pcii  on*  roonuments  of  Russian  culum.  To  his  writings  belong  the  great  monographs:  "St.  Pc:cr.burg.*  "Pavlovik,* 
"Gardens  and  Pa.'j'.i,"  "leningrad."  and  the  brochures;  "Detikoc  (formerly  TsarvVoe)  Selo."  "Gatchina."  "Petergof," 
"SS:elr.a  and  O^.'^rnbaum."  and  a  series  cf  pamphlets  on  the  history  cf  fbissian  architecture  aod  art  [291. 


VlactfT.u  Yakovlevich  Kurbatov's  life's  path  5  the  rath  of  a  leading  sete.^trst  tnver.ror,  thx  path  of  a  fiery 
patfict  o:  if.e  Mciherlaod  who  1:as  given  ail  of  his  krowlsdge  ai*d  srre'-gth  for  the  service  of  the  Soviet  People. 
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THE  IRREVERSIBLE-MUTUAL  SYSTEM  WITH  IMMISCIBILITY 
FROM  LITHIUM  AND  CADMIUM  CHLORIDES  AND  SULFATE 


The  results  of  the  investigation  of  muti^l  chloxide->uIfate  systems  show  that  limited  mutual  aclubility  of  the 
components  of  stable  pairs  in  the  molten  state  is  shovvn  preferentially  in  those  systems  whose  composition  includes 
cations  with  different  structures  for  the  outer  electronic  layer. 

The  great  majority  of  the  ternary  mutual  systems,  with  immiscibility  u>  the  nnher  state,  that  were  studied 
are  composed  of  cations  with  outer  electronic  structures  of  ihe  iiiert  gas  type,  a^  veil  a  fbrjsc  with.  18+2  electrons 
in  the  outer  layer. 

In  order  to  verify  the  above  view,  a  series  of  ternary  mutual  chloride-sulfate  systems,  using  lithium  salts  in 
melts,  w’as  studied  by  means  of  the  vuuai-poly thermic  m<ethod.  Among  ti*esfc  ate  tre  below  reP’Orted  irreversible” 
mutual  systems  wit-i  immiscibility  from  lithium  ar.d  cadmium  chlorides  and  wliates  (wiir.  the  outer  eiettronJc  layer 
fo:  the  litltium  ion  cf  2,  for  the  cadmium  ion.  18  electron). 

Binary  Systems 


System 


Cnaracteristic  poiuts 
oil  tite  curve 
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•  Equimolecular  per  cents  of  the  con. por.eni  added  j 

^fcit  immucibi'.ay  Ln  systems  contaiTing  calictj>  with  iimuai  cute:  tlectio.nic  lavcr>  v  any  |')s-ibie  If  tbe 
cations  ind  anior^s  (upoa  Literbalogen  eKch«.«ge)  ace  distributed  ai  great  distances  licin  t  atr  .''tree  U'  i*!e.  subgroups 
of  the  p(  riodic  system  cf  D.  L  Mendeleev. 

Diatioaal  Cress  Sections 

The  thermal  effect  cf  the  reaction  Cdi>i'»4 — v  CdClj  ■»  Li^SO/  n-  to  7.0 j  kv^i  u- '  cquivalcot. 

The  stable  cross  sectioti  CdCI|-LijS*.>4  u  a  bLwy  system  with  a  &u:£ctic  at  543  d  /..5^  cf  i»  fJuro  sulfate. 
A  po'yrootphic  transformation  of  ilie  larter  corre^pi-cd  to  572*.  immivciMlliy  occurs  in  ite  l  jeroal  of  uem  8  to  80^ 
of  li’Jilum  sulfate  of  650*.  The  fusion  curve  in  die  above  u-rerval  L,  inteiaected  by  a  stiaig'  t  line  slruated  parallel 
to  tie  composition  axis,  as  a  result  of  (be  three  pha>e  monoeuuctic  pioc e's.Tiie  critical  poir.t  of  me  buiodal  carve 
'♦as  not  determined  because  cf  the  volatilization  of  cadmium  cbloiide. 

The  fusion  diagram  of  the  unstable  cress  sec.non  LI4CI4  CdS04  consists  of  six  brar.r^'C'..  a,fi  lithium  chlot- 
ides:  B.a.S-llthlum  sulfates  and  cadmium  sulfate,  intersecthig  at  563*.  aid  10^  490  ara  2  ‘.5^  572  and  39^ 


572*  and  55. C^.  515*  and  67'5i>  of  cadmium  sulfate,  respectively.  ImmlsclbUliy  occurs  in  the  melt  at  35^  of  cadmium 
sulfate  at  552*  to  f2^  at  540*.  Tne  fusion  curve  has  a  maximum  at  662*.  not  at  the  point  of  iiucrsection  with  the  stable 
diagonal,  but  at  47.57«of  cadmium  sulfate. 

The  Mutual  System 

The  surface  of  tlie  initially  separated  crystals  of  tl»e  mutual  system  was  investlgaied  with  the  aid  of  ten  internal 
sectioiu,  the  directions  of  which  are  shown  on  big.  3;  a  short  characterization  of  each  of  these  is  given  in  ttie  Composite 
Table,  and  on  Figs. 4  and  5. 

Tlie  temperature  maximum;  of  all  sections,  passing  through  the  stable  diagonal  cross  se*~tiotis  in  the  region  of 
immiscibllity,  are  displaced.  In  relation  to  the  latter,  in  the  directionof  lithium  chloride  (on  Fig.  4  and  5  the  stable 
diagonal  Is  represented  by  the  vertical  segments). 

The  results  of  the  experimental  data  are  geacralized  iti  the  form  of  projectioru  of  isciherms  on  the  composition 
square  of  the  mutual  system  (Fig.  6). 

The  position  of  the  invariaiu  points,  the  cc-crystallization  curve  for  the  components  and  curves  limiting  the 
region  of  immiscibillty,are  presented  in  the  form  of  projections  of  the  above  points  and  lines  of  the  ternary  system 
CdClj"“LijS04“LjjClj  on  the  side  CdClj“LijClj  (Fig.  7),  and  of  the  ternary  system  CdClj"“LljSi.')4“CdS04  on  the  side 
CdS04-CdCl*  (Fig.  8). 

The  three  phased  monoeutectic  equilibrium  (£^Fig&.7  and  8)  and  tlie  polymorphic  tiarsformanun  of  lithium 
sulfate  (dotted  line)  are  also  described  on  the  piojectiofu. 

As  is  apparent  (Fig.  6).  the  mutual  system  consists  of  six  cxysuMlzatlon  poles:  cadmium  sulfate,  occupying 
23  4*51);  a,b-lithium  sulfate,  59.3^1;  a.S'SOlid  solutions  (li.  Cd)  Cl,  17.()Tk,  and  cadmium  chloride,  0.3^  of  d»e  U)Ul 
area  of  the  composition  square. 


f  li.  3.  DLiectl^i'vS  of  the  internal  sections 


Fig.  4.  Internal  sections  l-V, 


Fig.  6.  Prcjection  of  the  Lotherms  on  the  cotnpo- 
ution  square. 


The  regicn  of  the  iinrnbcibility  oc«.ij»>ic>  2&.3‘'5tci  rliC  Area  of  tne  square. 

Tfje  stable  dlagcr.al  cn>ss  section  CdC)j'"ltjSi)4  divides  the  square  of  the  mutual  system  into  two  ternary 
•  CdClj— Li^SO^— LijClj  coittamuig  the  scJid  .-oluiior*  (Li.  Cd)CI  and  the  lithium  sulfate  crystal azatioa 
^^a~l-ijS04-Cd.S04  with  the  leniary  eutectic,  melting  at  Sl2*. 
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mixture  of  com¬ 
ponents  added 

Branch 

1  Intersection  of  I  and  II 

Branch 

n 

No. 

‘5»* 

t* 

I 

15^CdS04  +  85^CdCl, 

1 

!  542 

It, a, 

CdCl, 

1 

628 

n  ! 

j  20-T5)  Cd  SO4  +  80«?»  CdCl, 

592 

Li,Cl, 

CdS04 

2 

512 

B-Ii,S04 

m  : 

j  SO^CdSO^ +50^CdCl,  ] 

1  i 

1 

Ii,Cl, 

CdSQ, 

12 

513 

fl-U,S04 

IV 

j  50^  CQSO4  +  50^  LijS04 

;  670 

50^  Li,Cl,  ♦ 

j 

59^  LIjSQ, 

CdSQ* 

15 

522 

B-I4SO4 

V  i 

i  70^  Li2S04  ♦  lijCl, 

540 

CdS04 

5-U,S04 

10 

572 

fl-li,S04 

•VI  j 

1  4(y^  LijS04  ■¥  60^0  LijCl, 

518 

CdS04 

Solid  solu- 

8 

484 

S-Li,S04 

i 

j  i 

1 

tion  [U, 

1 

1  j 

CdjCl 

VII  j 

'  50^  CdCl,  ♦  50^  U,C1, 

534 

CdS04 

" 

8.5 

495 

e-Li,S04 

vm  I 

65‘5b  CdCi*  ♦  ZfTfi  U,a,  1 

512 

CdS04 

■ 

3 

495 

fl-U,S04 

IX  i 

SO^CdCI* +20^  f 

5C0 

CdSO, 

m 

1 

496 

B-Li,S04 

X 

9O7C  CdCI,  ♦  10^  Li, Cl,  : 

4 

522 

CdS04 

m 

i 

i 

0.5 

i 

520 

1 

U,S04 

Fig.  7.  Projection  of  the  ternary  system 
C<lClj”"LijS(^—LljClj  on  the  side 
Cda,-Li,Cl,. 


Fig.  8.  Projection  of  the  ternary  ^stem 
CdClt*~Li|SQ4'‘'OiS04  on  the  side 
CdS04-CdCl,. 
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comfosite  table 

_ _ _ ■ _ ^  iniinlsclblliry  {~ 

^ctloaof  I  a-nd  Uj  Branch  jLniersgctlor.  of  III  and  iv  j  Branch  iT^tVrlccu^r  of  wW'>!  Branch  fFrora  1  To  f,. 

1» _ i  f  iii_ _ j  _ i  t*  ’IV  P  ^  i  t*  1  V  I  t*  I  ‘SjltR*'"' 


i  1  U)  CMALlCIi  ii;iCX>C 

t*  I  III  j 
570  rt-LijSO* 

572  tf~Li2SO^  50 

574  a-LijSO^  68 


6-U^S04  50 

a-UjS04  46 

a-Li,S04  40 

a  “lJjS04 
a-Li,SCl4  £2 


1 6 -11,504  j  62, 
I  d -114504  j  93 


bis  }cdS04  I 

b72  I  6-U,Si'»4  I 


13-1:43=^4 


2-U4SO4  ! 


8  563  4 

10  550  4 

SoJid  sol.  22  538  52.5  561  4 

[ii.CdX^l 

K-ai  ch  II  42.5  625  70  568  4 

[u.Cc]CI 


12.5  586  30  620  4 

22  560  50  551  5 

15  563  47  536  5 

8  570  5 

5  586  28  542  5 

5  640  5 


SilMM/RY 

1.  The  ternary  rriurual  iystein  cf  lithurm  arj  cadiritaro  ebiondoa  a.»u  v  Uc 
a1-iX)l>i'-enr.ic  ineinod  of  ph>!»ico•c^^;n^ca]  analvili.  The  ijitoa:  li  J  r;  r  ; 

U»y  in  the  iriclion  itate. 

£.  Tnc  uirectirig  of  me  cxcliarUjC.  rtflCiior.  towa  d  caJir.'uin  ctiw  dv  c'J 
(.t,  equal  to  7.99  kcal.  per  equivalent,  as  a*  the  inrlteu  inuiwai  so'ubiltty  v-r.  a' 

3.  The  large  axis  of  the  imnisctblltri  letu  councide*  witr  a  coroiJ  rep.carrtv 
niiTiiscibility.  This  coiwid  is  alniost  parallel  to  th-e  stable  diagonal  evoss  seciun.  displa: 
ternary  system  CdCl|— l,i,S04~H,Cl,.  for  this  n,a>on  the  linmiscibiidy  i,;ns  re’aiiJr.  10  i 
a  great  part  of  it  affects  ilie  above  ternary  sysnsm. 

4.  The  studied  mutual  system  b  an  example  upholding  tre  suggeso-  i-  u  ui 
St  cases  results  from  differences  in  the  structure  of  the  outer  electronic  layers  of  trx  ioru., 
polariz  ation  characteristics  and  physioc -chemical  properiie*  ot  tne  compunciits  of  the  ; 

LITERATURE  CITED 

[1]  O.S.  Dombrovskaya,  Bull.  &)s:tt  Pi  y>.Chem.  Aiad.  11.  151-167  (1935). 

[2]  Technical  Encyclopedia,  Haudbooii  of  cnemlcal  priysuat.  aia  ic.rhnc.logictl  < 

[3]  M  A.  Klcuhkc.  J.  Gen.  Che  m..  3,  iWCSlObX. 

[4]  S.D.  Gromakov.  J  Phys.  Chem.  U.S.5.n..  24,  !rc..  6  .1960). 


.  v's  ’i-'.critfsted  in  melts  by  the 
:  •  .  -mital  type  with  Imrols- 

M  «•  -'  /ces  with  the  thermal 

■)  .  e.  S'  d'e  moiien  State. 

ivn*.  i’  e  •empe'atunj  in  the  region 
ce-i  t 2.5^^  from  the  latter  in 
t'le  ?.taolj  diagonal  is  asymmetric, 

iiruiscibiluy  in  the  molten  state  in 
and  trie  resulting  difference  in 
liable  pair. 


6.  160  (1931). 


eived  November  3.  1952 


ki»stov  -on-the-Don 


Stst.  »)_i  .s.i 


561 


INVESTIGATION  OF  COMPLEX  FORMATION  IN  SOLUTIONS  OF  TERNARY 
SYSTEMS  BY  CRYOSCOPIC  METHODS 


n,  SYSTEM  AlBr,n(C,I^)p-C*H* 

E.  Y*.  Goxenbein.  V.  L.  Pi»nuicl.  and  I.  A.  Gerasun 

The  study  of  the  conii>Iex  compounds  of  the  aluminum  halides  is  of  great  interest  for  the  clarification  of 
the  nature  of  solutions,  as  a  considerable  number  of  these  ct'mplex  compounds  are  electrolytes  for  solvents  widi 
small  dielectric  coustants. 

The  etherates  cf  aluminum  halides  are  examples  of  these  'x>roplex  compouuds. 

According  to  thermal  analysis  data,  aluminum  bromide  forms  a  compound  of  the  compositloa  AlBtj* 

•  (C|H|)30  [I]  viih  ethyl  eitxf.  This  compound  was  also  obtained  in  a  preparative  fashion  PI  Naturally,  it  was 
of  interest  to  determine  whether  or  not  the  compositloa  of  this  compound  would  be  kept  In  solution.  For  rHs  pur~ 
pose,  the  viscosity,  eiectroconductlviry,  density,  aixl  die  cryo<copy  of  the  given  compound  wee  studied  in  the  cons* 
plete  ifiienral  of  concentration  of  aluminum  bmmide  and  etb>l  ether  in  benzene  as  die  solvent. 

Aluminum  and  otr<er  metallic  Italldes  io:ra  complex  compounds  which  are  good  electrolyTes.  The  compo* 
sitions  of  these  electrolytes  were  maLiIy  determined  by  means  of  thermal  analysis.  Whether  or  not  these  electrolytes 
keep  their  structures  in  tolutica.  U  difficult  to  determLne,  since  the  majority  of  th=se  meullic  halides  is  insoluble 
in  low  dielectric  constant  solvents  m  tije  absence  of  ahimiiuan  halides. 

Tlte  cc.mpojltion  of  trie  complexes  fCT.-ned  by  the  reaction  of  aluminum  bromide  with  ethyl  ether  is  readily 
established  in  solution..  iLice  both  compeneurs  ate  separately  soluble  in  benzene.  Per  the  establishment  of  the 
ccmposinrui  of  the  complex  In  solution.  Isomolar  concentrations  were  prepared  according  tc  the  method  reported 
previously  [SI 

In  the  present  communication  are  reported  the  results  of  the  cryo.a;opIc  Investigation  of  two  Isomolar  con* 
centraticDs  of  aluminum  bromide  and  ethyl  ether  in  benzene  as  the  solvent,  the  total  moles  of  which  [AlBr^  and 
were  equal  to  0.05  and  0.15  per  mole  of  benzene. 

Starting  Materials  and  Procedure 

The  benzene  was  dried  and  redistilled  over  metallic  sodium  after  being  carefully  purined  of  thiophene.  The 
preparation  obtained  was  stored  In  sealed  ampoalci.  Tire  ethyl  ether,  after  purification  and  drying  over  meullic  sod¬ 
ium,  was  distilled  and  stored  in  die  same  way  a>  tije  benzene.  Aluminum  bromide  was  synthesized  by  the  action  of 
bromine  on  aluminum  diavings  according  to  a  method  reported  previomly  [4],  The  solutions  were  prepared  in  a  cone- 
shaped  vessel  with  a  side  tube  and  ground  glass  stopper.  Molten  aluminum  bromide  was  placed  Initially  into  the  ves¬ 
sel;  afte  cooling,  benzene  was  weighed  arul  introduced:  die  detired  quautity  of  ethyl  ether  was  then  added  to  the 
solution  obuined;  and  finally,  the  calculated  quantity  of  benzene  necessary  for  the  preparation  of  the  desired  con¬ 
centration  was  added  widi  the  aid  of  a  buret.  The  amouiit  oi  benzene  added  was  controlled  by  weight. 

It  must  be  roentiOiied  that  upon  the  additionof  tl.e  ether  the  AlEr^  solution  in  benzene,  a  considerable  heat 
effect  is  observed,  which  shows  the  presence  of  an  intense  reaction  between  the  components  of  the  system.  The  color 
of  the  solution  changes  in  relation  to  the  molecular  ratio  of  the  components.  With  excess  AlBr|,  the  solution  is  straw 
yellow,  but  it  becomes  almost  colorless  upon  going  to  an  equimoiecular  ratio  of  ether  to  «iluminum  bromide. 

The  measuretijeats  were  conducted  In  a  Seckmaixi  apparatiS.  The  solution  was  mixed  with  a  nickel  stirrer 
which  was  actuated  by  an  electromagnet  connected  with  an  interrupter.  The  necessary  stepfe*  for  the  protection  from 
traces  of  moisture  were  taken  daring  the  process. 

Retulti 

Solutions  were  prepared  for  each  isomolar  conccntiiitu>ii.  The  ireezing  point  depression  was  determined  not 
less  dian  three  times  for  each  experiment,  and  the  average  value  was  takon.  The  results  of  the  measurements  are 
given  in  Tables  1  and  2.  and  are  presented  graphically. 
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At  an  isomolar  concen¬ 
tration  equal  to  0.15.  the  de¬ 
pression  in  freezing  point  of  tiie 
binary  s>stems  AlBr5— and 
(CjH4)tO-C,H4  could  not  be 
of  the  solution  ^  measured  because  of  the  great 
depression  in  temperature  and 
the  small  scale  on  the  Beckmann 

1  37 

*  thermometer. 


TABLE  1 

Cr>’Csco?ic  Invertigarion  at  a  Molecular  Ratio 


j  Weight  of  ]  Weight  of  I  Depressmn  in 


VTeight  of 
AlBr« 


biole 

AlBr. 


j  17.3173  I 
I  20.3737  • 

31.4772  I 
1  30.6464  i 
I  46.5712 
•  24.4311  ; 


TABLE  2 

Oyosccpic  Investigarfon  at  a  Molecular  Ratio 


Weight  of  Depression  in 
CfHf  freezing  point 

(8)  of  the,  solution  At 


W'eighi  of  I  Weight  of 
AlBr,  j  (CjHOtO 

(8)  I  (8) 


Mole  ^ 
A13:, 


32.4394 

34.2799 

32.3174 

30.1566 

33.7619 

33.85C3 

36.2266 

36.6937 


Variation  of  the  freezing  point 
with  the  composition 


The  figure  shows  the  variation  of  the  depression  in  freezing  point  of 
the  solution.  At.  with  the  mole  of  the  composition  AlBr,  and  (C,H,),0.  the 
sum  of  the  moles  of  which  was  taken  as  100^  (the  *5*  was  calculated  from  the 
sum  cf  the  moles  of  AlEt,  and  (C,H,),0  without  accouming  for  tlie  solvent), 
by  the  inside  of  die  ordinates,  correspond  to  cu.'ve  n,  and  were  obulned  from  the  dau  of  the  horaolar  concentra¬ 
tion  equal  to  0.15. 

The  greatest  depression  in  freezing  point  of  the  solution  corresponds  to  the  binary  systems  AlBr,-C,H,  and 

As  is  seen  from  the  given  graph,  the  smallest  depression  in  freezing  point  is  caused  by  a  50^  (mole) 
composition  of  components,  which  corresponds  to  the  composition  of  the  complex  compound  formed  in  the  solution, 
AlBf,*(C,H,),0. 

It  is  necessary  to  mention  that  the  synthesis  of  this  compound  by  direct  reaction  of  the  components  [AlBr, 
with  (C,H,),C]  Is  quite  complicated.  It  is  considerably  easier  to  obuln  this  compourxl  by  the  above  method  (Le., 

In  benzene,  and  diea  isolation).  For  the  calculation  of  rhe  molecular  weight  of  the  complex  at  two  concentrations, 
values  for  the  freezing  point  depression  were  taken  from  the  graph  at  an  equimolecular  ratio  of  the  componenu. 

Comparison  of  the  roolecubr  sutes  of  the  complex  AlBr,*  (C,H,),0  in  solution  at  Isoroolar  concentratioBS  of 
•  (Calculated  dieorctically  on  the  basis  that  the  molecular  weiglt  of  aluminum  bromide  was  double  in 
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0.05  And  0.15«  ibow*  thit  they  coneipood  to  a  rooleculAr  weight  e<;u^  to  431.3  4nd  €^.5  xespectlvely. 

Therefore,  the  rooleculir  weight  is  considerably  higher  at  greater  coiirentratlorj.  The  conductiviry  of 
zbese  solutions  at  er^imolax  concentrations  of  the  coxnoooents  is  as  follows:  at  a  molecular  ratio  equal  to  0.05, 
approximately  10“  *  ohm'*  cm**,  and  for  0.15,  8*  10"* 

This  is  in  agreenoent  with  the  established  position  that  die  electroconductivity  increases  in  solvents  vrith 
small  dielectric  constants  with  increase  in  the  degree  of  association  of  the  electrolyte. 

Therefwe,  it  follows  from  the  above  results,  that  a  compound  of  the  composition —AlBr^  (Cji^jO,  is 
formed  in  die  solution,  which  can  be  an  electrolyte  depending  on  Its  concentration,  i.e..  in  the  region  of  hlghot 
concentration,  it  conducts  electricity,  but  on  dliution,  when  the  molecular  state  approaches  that  of  the  molec¬ 
ular  weight  corresponding  to  the  formula  AlBr,*(CjHj}jO,  thls.ccmpound  practically  stops  b<  ing  a  canductoi. 
Such  behavior  for  an  electrolyte  in  solvents  of  small  dielectric  constant  ts  in  complete  agreement  with  the 
views  of  E.  Ta.  Gorenbein  on  the  riatuie  of  concentrated  electrolyte  solutions  [5}. 

SUMMARY 

1.  The  reaction  between  AIBT)  a.nd  in  as  the  solvent  was  investigated  for  two  isomol- 

ecular  concentrarions  (0.05  and  0.15)  by  the  cryoscoplc  method. 

2.  It  was  shown  dut  a  complex  co.mpound  of  the  cern position  Al3rj*(CjH6>jO  is  foiined  in  Ac  solution 
which  is  sub.iectcd  to  asociation  with  me  tease  in  the  ccixeritratlon. 

3.  It  was  shown  that  die  comrlt:x  connpoiir-d  AIEtj*  (CjH£>jO  was  an  electrolyte  at  relatively  high  con- 
centtations  In  benzene. 
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PH ysico-chCmical  investigation  of  iodine  solutions 

IX,  THE  SYSTEMS  NICKEU  ZINC.  AND  CADMIUM  IODIDE  AMMINES-IOOIKE  IN  NITROBENZENE  SOLUTIONS 

Ya.  A.  Flalkov  and  F.  D.  Shevchenko 

As  was  shown  In  the  previous  communiratlons  [1.2]  nickel  iodide  hexammme  and  zinc  and  cadmium 
iodide  tetrammlnes  form  relatively  unstable  pclyiodides.  in  systems  with  molten  iodide,  which  are  found  in  these 
systems  in  associated  state  and  show  the  properties  of  fairly  strong  electrolytes. 

For  the  development  of  these  investigations,  it  was  of  great  interest  to  stud j  the  reaction  of  iodine  widi 
these  arnmices  in  the  presence  of  organic  solvents,  foi  which  purpose  nitreberaeiie  and  aceto  nhrile  were  used. 

The  following  question  was  posed  for  the  present  investigaaon:  Co  the  polyiodides  of  nickel,  zinc,  and 
cadmium  amniLies  aiso  form  in  organic  solutions,  and  what  is  thje  composition  of  Utcse  polyiodides  in  die  given 
solctionf  What  are  the  molecular  states  and  the  electtclyte  properties  of  such  pclyiodides  in  nitrobenzene  and 
acetohitrlle  ? 

EXPERIMENTAL 

The  anmines  of  nickel.  zir;c.  ard  cadmium  iodides  were  prepared,  atd  ahe-  iodine  was  purified  as  reported 
in  the  fsevious  communicaaons  [l,  2].  The  i:itrober.zerie  was  purified  acd  dried  with  the  usually  appUf?d  method 
[S],  B.p.  210.5*  a."d  freezing  p.  5.5*. 

Acciantrile  vUj  distilled,  kept  for  several  days  over  fused  calcium  chloride,  and  once  more  redistilled 
iaj<;ng  a  fraction  at  h2*.  The  solventa  were  kept  in  sealed  test  tubes. 

Specially  punned  experiments  showed  that  Ni(Nh|)j^,  Cd(Nkj).^,  and  Zr.(NHs)4lj  were  not  noticeably  ml* 
uble  ip  nitrobenzene  arai  acetonitrile,  but  that  they  were  sufficiently  soluble  in  ratic>benze::e  aral  ace'ordtiile 
iodine  solutions. 

An  accurately  weighed  sample  of  the  ammlnes  of  nickel,  zinc,  oi  cadmium  iodide,  taken  in  a  quantity 
greater  than  the  solubility  of  the  ammine  in  the  iodiiie  solunon  of  the  given  coacentration,  was  added  to  a  pre¬ 
determined  quantity  of  an  iodine  solution  in  nitrobenzene  or  acetonitrile  in  a  fladf.  with  a  well-ground-in  stopper. 
The  contents  of  the  flask  were  shaken  for  5-6  hours  at  20*.  then  the  undlssolved  ammine  was  quantitatively  trans¬ 
ferred  on  a  filter,  washed  with  alcohol  and  ethyl  ether,*  dried,  and  weighed.  In  this  fashion,  the  amount  of  the 
ammine  going  into  solution  was  detetmined.  The  results  of  these  determinations  are  given  in  Tables  1  and  2. 

Tlic  amount  of  nickel,  zinc,  ar»d  cadmium  iodide  a.iimines  which  dissolves  in  nitrobenzene  arid  aceto- 
nitiiic  solutions  of  iodine  at  20*  increases  with  the  increase  of  the  iodine  in  the  solution.  However,  the  molec¬ 
ular  ratio  cf  the  iodine  in  the  solution  and  the  ammine  dissolved  almost  does  cot  change  even  when  the  concen  - 
traiion  of  iodine  in  thear  solutions  is  increased  by  3-4  times. 

Thai  molar  ratios  of  ioditie  and  ammine  found  in  tbeje  c<petlmei:ts  cerrerpond,  generally,  to  the  fol¬ 
lowing  pcilylodides: 

1)  In  niirobenzsrre  solutions “NifKHjiijli'.SJt.  Zn^NHj)44*2V*  ^  u:  acetonitrile  solu¬ 
tions -NlfNH,)^!*- 2  Zn(N.Hs)4^-2I,,  Cd(NH,)^Ij*I|. 

U  must  be  pointed  out  that  nickel  iodide  l*examralnc  tovms  a  pslyiouide  with  a  greater  iodine  content, 
even  when  no  solvent  is  present. 

Analogous  investigations  were  conducted  b>  Dawson  and  Cawler  [4],  They  studied  the  mutual  solubility 
of  iodine  and  potassium  iodide  in  nitrobenzene  in  a  considerable  concentration  inierval,  and  according  to  the 
solub,  ity  data,  found  that  pousslum  pojylodlde  KI,-KI,  is  formed  in  nitrobenzene  Mlutions  at  determined  con- 
centiition  conditions. 

•  Tbr^  ammlnes  of  nickel,  zinc,  and  cadmium  iodides  are  not  soluble  in  alcohol  and  ether. 


TABLE  2 

Solubility  of  the  Ammixtes  in  Acetoni¬ 
trile  Solutions  of  Iodine 


^  1  TABLE  2  results  of  the  solubUity 

Solubility  of  the  Air-mines  in  Nitro-  Solubility  of  the  Ammmes  in  Acewni-  determination  unquestionably  prove 

bennenc  Solunons  of  kKime  ttile  Solutions  of  Iodine  the  fact  of  the  formation  of  nickel. 

_ , - -  zinc,  and  cadmium  ammine  poly- 

?  lo!es  of  iodine  Moles  of  iodine  Moles  of  iodine  |  Moles  of  Iodine  —  iodides  in  nitrobenzene  and  aceior 

Moles  of  nitro-  Woles  of  ammine  Moles  of  accto-  Moles  of  ammine  in  nitrile  solutions,  but  they  still 

benzene _ Ln  saturated  sol  .  nitrile _ saturated  solution -  cannot,  however.  answer 

Solubility  of  Solubility  of  NifNHjljlj  the  question  of  the  actual  structure, 

j  of  li-e  polyiodides  formed  in  these 

0.CC82  j  3.20  0.0039  |  2.oi  solutions  urider  the  given  conditions: 

0.C242  3.00  0.0059  i  2.3*j  ^  ^  sup^iohed  that  equilibria 

0.0189  •  2.92  0.0154  2.14  exist  between  the  higher  and  lower 

Solubility  of  2a{N-h^4^  SolubUity  of  Zn(NH^>4l,  polyiodides  and  free  iodine;  in  this 

.  .  case  the  experimentaiiy  found  mole- 

0.0115  !  2.10  0.0048  •  2.00  cului  rano  between  iodine  arxl  am- 

I  2.18  0.00.6  j  2.06  mines  (in  solutions  saru rated  with 

I  2.11  0.0119  .  2.04  respec  to  the  ammine)  give  only 

SolubUity  of  Cd(NHj>4l,  SolubUity  of  Cd(NHj)4l4  the  "average"  composition  of  the 

J  ,  polyiodides.  which  changes  very 

0.0362  1.90  0,0055  1.00  changes  in  the  concen- 

«  2-M  uiuon  of  U.<r  iodine  in  solution. 

o.fcso  i.ne  o.oiM  j  1.24 

Measurerrent  of  the  elec- 

t.roconductivity.  Tne  solutio.ns  for  the  Investigation  were  prepared  directly  in  the  vessel  for  itsC  ir.easu.-e:reat  of  the 
ekcuocor.ductivuy.  )or  this  purpose,  a  weighed  sample  of  iodine  was  added  to  a  weighed  s-mple  of  nitiohenzere; 
afier  the  solution  of  the  iodine  and  the  measurement  of  the  electroconduciivity  of  the  sclution  obialnea,  a  series  of 
vcighed  samp.es  of  t’le  corresponding  ammine  were  then  introduced.  The  vessel  was  kept  for  seme  t:mc  at  the  given 
temperature  and  with  peuodic  shaking’,  after  the  complete  solution  of  t.he  ammine.  the  electrocoridi'ctivity  of  the 
solution  was  mearured,  and  ihe  measuremcni  repeated  after  20-30  minutes.  The  lueasurenients  were  made  at  two 
temperaturos:  25*  and  35*. 

TT»e  electioconduciiviiy  of  solutions  of  Iodine  in  nitrobenzene  and  acetonitrile  at  cor.centrationi  of  0.002- 
0.006  to  0.016-0.021  moles  per  mole  of  solvent  were  initially  measured  (Tables  3  and  4). 


?  ioIes  of  iodine 

Moles  of  iodine 

Moles  of  iodine 

i  Moles  of  iodine 

Moles  of  nitro- 

Woles  of  ammine 

Moles  of  accto- 

I  Moles  of  ammine  in 

benzene 

In  saturated  sol  . 

nitrile 

I  saturated  solution 

Solubility  of 

Solubility  of 

0.CC82 

j  3.20 

0.0C39  1 

1  2.37 

0.C242 

3.00 

0.0059 

1  2.36 

0.0189 

’  2.92 

0.0154 

2.14 

Solubility  of  2a{Nhj)4^ 

Solubility  of  Zn(NHj>4l| 

0.0115 

j  2.10 

0.0048  ^ 

^  2.00 

0.0138 

2.18 

0.0076  i 

;  2.  06 

0.0237 

i  2.11 

0.0119  ! 

:  2.04 

1 

Solubility  of  Cd(NHj>4l, 

SolubUity  of  Cd(Nilj)4l4 

0.0362 

j  1.90 

0.0055  j 

1  1.00 

0.02 C5 

;  2.00 

0.00S3  1 

1  1.13 

0.02  50 

j  . 

0.0161  j 

1  1.24 

T/BLE  3 

Specific  Electrocondactivity  of  Iodine  In  Nitrobenzene 


TABLE  4 

Specific  Electrocondactivity  of  Iodine  in  Acetophenone 


Moles  If 

Moles  C,.H<;KO, 

^  25* 

''35* 

0.0C61 

3.93-  10'‘ 

'  4.25*10' 

0.0075 

5.45*  10‘‘ 

6.70*  10' 

0.0088 

6.83-  lO'* 

7.22*10' 

C.0112 

7.94-  10** 

,  8.36*10' 

0.0139 

9.17  - 10'* 

9.59*10* 

0.0158 

1.30*  10"* 

1.06*10* 

Moles  I, 

Moles  Cli^CN 

• 

CM 

-* 

0.0018 

9.94*10'* 

l.CO-  10'* 

0.0068 

.  1.09*10'* 

1.11-  10'* 

0.0131 

1.13-10'* 

i.n-io** 

0.0209 

1.31*  10'* 

1.37*10"* 

The  values  for  the  electroconduciivity  of  solutions  of  lodin*:  m  nitrobenzene  giver*  ir*  Table  3  are  close  to 
those  which  were  found  by  Brunner  and  Galccki  [51  •  The  electrocondactivity  of  these  solaiioiiS  grows  with  the  In* 
crease  in  the  concentration  of  the  iodine  and  reaches  a  value  of  the  order  of  10"^  ohm’*  cm'*,  le.,  very  close  to 
the  electroconduciivity  of  molten  iodine  with  only  this  difference;  the  temperature  coeffic*ent  of  the  elcctiocon- 
ductiviiy  of  iodine  solutions  is  positive.  •  •  This  fact  can  serve  as  proof  of  the  presence  of  ionic  conductivity  In 
nitrobenzene  solutions  of  iodine  caused  by  the  electrolytic  dissociatioa  of  the  complex  formed  In  ttese  solutions. 

Acetonitrile  solutions  of  Iodine  conduct  electricity  considerably  better  (by  l'>-20  times),  evide.ntly,  as  a 
result  of  the  formation  in  the  system  CHjCN“I|  of  a  more  polar  complex  tlian  in  the  system  .  analo- 

_gous  in  its  propenies  to  the  compound  of  pyridine  with  iodine  for  which  the  formula  [CjHjNTrr  [6]  must  be  accepted 
For  this  series  of  experiments.  Brunner  and  Calecki  used  pure  twice  distilled  nitrol-enzer.e;  which,  after  distillation 
was  no  Kept  Irom  the  moisture  of  the  air.  The  authors  call  this  preparation  "wet". 

••  For  .mclte.i  iodine  the  temperature  coefficient  for  the  electrocoi.dc..  uvity  is  negative 


Tue  resulti  of  the 
nneasureinects  of  the  elec¬ 
troconductivity  of  the  temi-T 
system  metal  iodide  ammine-" 
iodine -^1  vent  (in  otdet  to  save 
space)  are  only  represented 
graphically  on  Fics- 1  2. 

Only  for  the  system  Ni(NHj)j%- 
iodlne-solvent  are  tabular  re¬ 
sults  given  in  order  to  shew, 
with  this  example,  in  more 
detail  the  character  of  the 
relation  of  the  electroconduc- 
tivuy  of  the  given  syvems  to 
the  concentration  of  tr.e  ammine 
and  iodine  (Tables  b  atsd  6). 

As  is  apparent  from 
Tables  5  and  6.  aicd  Figs  i  and 

fig.  2.  Iso(tierms  of  tfie  electiocon-  2,  the  value  of  the  specific 

ducilviiy  of  aceioiutrile  solutions  of  electrocor^uciivlty  o^  the  icr- 

Moles  I,  ...  nary  systems  is  characterized  by 

—  *'  "  *0.0114 

Moles  CH/IN  the  same  concentrauoc  relation- 

1  -  2  -  [Ni(.Mfj)j]^;  ship;  solutions  more  concentrated 

3  •  IZn(NHj)4]I|.  in  relation  to  iodine  at  equal 

ratios  of  tlie  metal  iodides  ainl 
icslL'c.  show  a  greater  eiectrocorjductivity  valia>.  At  the  same  coi»centratio-n  of  iodine,  the  electroconductlvliy  of 
alt  ihtese  systems  rises  significantly  witli  increase  l  i  the  conceriration  of  nickel,  zinc,  aid  cadmium  Iodide  ammiites. 
ard  ac^uL-es  a  value  of  the  order  of  10' ’ohm" 'em"*  for  ratrtbenzere  solutions  and  10'*ohra"^cm“^  for  acetooiirile 
solutions. 

table  &  TABLE  6 

Electroconduclivity  of  the  System  Ni(NHj}jl|— Electrocoriductivity  of  die  System  NuKHs}*!^— Ij-CrijCN 


Moles[Me(NH,)n]lf 
Moles  ]| 


F'4.  1,  Isotherms  cf  the  elecirocon- 
ducnvity  of  nitrobenzene  solutions  of 
J.ioics  L 

Moles  C^N(\  ~ 

1  -  rCtk.NH^t^jl,.  2  -  [Ni(NH,)]el,: 

3  -  [2n(NH,l^]I,. 


Moles 


The  Investigated  systems  are  also  cjuite  .  ui  ilar  in  the  values  oi  ir^  electioconducii.'iry  at  the  sc-me  (or  very 
close)  ‘roncentration  t*f  iodine  and  ammine  hi  the  sume  solverita  Neveithtless,  comparison  of  the  Laotlieims  shows 
that  ihf:  systems  with  Zn(NHi)4l,  possess  a  somcanat  higher  cledioeOfidjetlvity  than  systems  with  Ni(NHj}4%.  and 

The  electroconduetivity  of  the  systems  s*iih  citicbe'zt:»  are  aj  piOxirnately  100  tiniei,  and  tha  systetas 
with  iiceto nitrile,  10  times  less  than  the  electrocc'natctivit>  cf  tl-e  conripondLng  binary  systems,  solufioru  of 
metal  iodide  ammLnes  hr  molten  iodine. 


Crvrscc:  IT  iinM‘  iirerntnis.  Cryoscofic  njcaiurcmenrs  of  the  system  V.e(NHs}jI|“ipdine  in  nitrobenzene 
Ttje  solvent  we^rndue’ed  in  order  to.furthsi  investigAtc  the  composition  and  the  structure  of  the  polyiodides. 
These  ir-easiyt  Dcnt^  were  made  in  a~  ayparatLS  with  grouTid  glass  stoppers.  The  freeziTig  point  of  pure  nitroben¬ 
zene  was  fi's:  mviiarrd  with  a  Berk. -•arr.  Lhermcmeter.  tfjcn  a  determLnsd  amount  of  iodLie  was  added  to  the 
nifobenrenc  and  frerzlut,  foint  depreiiion  c;  lut.'cbenzene  due  to  iodine*  was  determined.  Then,  a  series  of 
-tighed  samples  of  a.mmisKS  were  added  to  the  solution,  and  after  solution  of  these  samples,  the  freezing  point 
-f  the  solution  detcrmln<-d  with  increasing  concentrations  of  the  ammines.  Oily  those  experiments  in  which  the 
lupereooliiig  did  not  exceed  0.1*  were  noted. 

T».e  a.—  'ii'P  of  nicktl,  ziric,  and  cadm.ii'tr.  iodide  ammines  to  the  nitrobenzene  solution  of  the  ipdine 
first  caiu,c-;  s  cetHiS'.  in  de  dcpressic.!  (i.e..  ir-crttse  in  freezing  point)  (Tables  7-9).  This  fact  means  thar 
tnr-  jclurioD  z-l  o*  71. cn  ammines  In  tne  nitroDenzene  solution  of  iodine  results  in  the  decrease  in  the  number  of 
pa  turics  in  the  «u.  I'.ic  u  a  ^  result  of  the  prccei*  of  complex  formation: 

vuu  h  ^.aujts  C.--  bi’rdini  of  severa’  n’clecule.  of  iodine  with  one  molecule  of  the  iodide. 

T:  c  chj.:.zf  »>'  tic  frer  zing  pcL-.t  cf  tne  solution  in  relation  to  the  concentration  of  the  ammlne  is  most 
-  Aiv.dier.ily  reprt.-.  ‘ircd  grarhicaily  oy  rlac.ng  on  tlte  abscissas 

_ Moles  rMCt  frHQ  -  H,-  100 

MoUr  »  hioles  1, 

on  tht.  ordir:»t'. i,  •h.j  crange  in  the  fieezr.g  point  (Ati  in  Tables  7-9)  caused  by  tlie  solution  of  the  ainmine  in 
:r:-e  -utrobcfizc.*-  sclufx;:  cf  the  icdu.w.  Such  a  graphu  tepresentarion  of  the  cryoscopy  data  of  the  ternary  $ys- 
t:rr.  of  the  type  A-r-soI»cnt  [81  makes  the  ust-  of  ciyoscopy  as  a  method  for  trie  physico-chemical  analysis  of  these 
ly- vO;*:' povible. 


TABLE  7 

Ciyoscopy  cf  Lhe  Hjnctu 


Weigh:  rf 

(.n 

of 

iodua'.  (in 

_ 

Weight  cr 
Nh(NrU5fc, 

- -  ■  ^  . . 

Mcles  100 

Freezing 

pom! 

. . 

At,* 

hloles  ♦  ttoles  I, 

53.91 

— 

r 

• 

4.610 

53.31 

J.CA91 

— 

- 

4.062 

0.548 

- 

53.91 

l.OEU-J 

0.  Wbil 

2,o4 

4.106 

0.504 

-0.044 

53.91 

l.lfr^yl 

o.I  -s 

5.53 

4.157 

0.453 

-0.095 

53.91 

l.Cf.91 

C.2900 

IC.l; 

4,200 

0.410 

-0.138 

53.91 

l.CSi'l  j 

C.3J&4 

14.85 

4.189 

0.421 

-0.127 

53.91 

l.Ce.91  j 

C.3814 

17.65 

4.165 

0.445 

-0.103 

53.91 

l.CvOl  1 

C,5C>58 

22.13 

4.136 

0.474 

-0.074 

53.91 

1.CS91  1 

O.f'0-17 

25.20 

4.104 

0.506 

-0.042 

TABLE  a 

Cryoscopy  of  the  Sysiem 


Weight  of 

CtHjNQ, 

Weis:hi  of 
iodine  (in 

_ il _ 

Weight  of 
Zr.(NHj*I, 

•  IP  g) 

Moles  lOO 

Freezing 

At£ 

Moles  T’-.(*'-a)4^  ♦  Moles  Ij 

point 

At; 

45.40 

- 

— 

4.425 

>■' 

45  40 

0.6627 

— 

- 

4.034 

0.391 

45.40 

0.6627 

0.^290 

2.79 

4.066 

0.359 

-0.032 

45  40 

0.6C27 

0.0451 

4.16 

4.075 

0.350 

-0.041 

45.40 

0.6627 

0.0958 

8.65 

4.111 

0.314 

-0.077 

45.40 

0.G627 

0.1461 

12.62 

4.138 

0.287 

-0.104 

45  40 

0,C€27 

0.2112 

17.28 

4.151 

0,274 

-0.117 

45. -*0 

0.0627 

0,2533 

20.03 

4.156 

0.269 

-0.122 

45.40 

0.3C27 

0.3143 

2o.:i 

4.148 

0.277 

0.303 

-0.114 

-0.088 

45-0 

0  O.'QT 

C.2851 

28.90 

4.122 

2?,:t.es  v*  '  -.,t-  literature  data  (71 


lutior  gave  an  average  va’uc  of  254.3  which 


Weight  of 


TABLE  9 

Cr>oscopy  of  the  System 


(in  r> 


Weight  of 
iodine  (in 

el 

Weight  of  i 
Cd(NK^4l. 

-iHL£L_J 

Moles  Cd^KH,.i/,*l00 
Moles  Cd(NH^4  ♦  Mole  I, 

Freezing 

point 

- 

- 

— 

4.425 

1.3055 

— 

- 

3.898 

1.3055 

0.0275 

1.22 

3.952 

1.3055 

0.0763 

3.30 

3.971 

1.3055 

0.1344 

5.68 

4.017 

1.3055 

0.2005 

8.24 

4.064 

1.3055 

0.3059 

12.04 

4.1 02 

1.3055 

0.4119 

15.57 

4.092 

1.3055 

0.5017 

18.34 

4.063 

1.3055 

0.6288 

21,96 

i  4.018 

0.527  I 
0.473  ! 
0.454  1 
C.408  ; 
0.361  j 
0.323 
0.333 
C.362  ■ 
0.407 


0  sr  $0  u"  19  iC 

Fig.  3.  Cryoscopy  of  the  system 
C$HjNC^  “CNi(NHj)  JI, 


Q  S  P  tf  10  IS  » 

#* 

Fig.  4.  Cxyoscopy  of  the  system 


CAlly.  Therefore,  with  the  Increase  in  the  concentration  of  the  ammli* 
lion  decreases  at  first  and  then,  on  achieving  a  certain  ralninium  value. 


Decrease  in  the  deptession 
of  the  soluiiori;  otcurjing  during  the 
adduinn  cf  [Me(NHj)QlIt 
to  tlie  nltrobensene  solution  cf 
iodine,  proceeds  only  to  a  certain 
minimum  value  corresponding  to 
the  acbieveir.ent  of  a  determined 
molar  ratio  cf  ammtne  and  iodine. 
Upon  the  further  addition  of  the 
ammlne,  the  fieezir  g  point  begins 
to  decrease  again  (the  depression 
increases),  as  it  is  apparent  from 
Tables  7  9  and  Figs.3-5  in  which 
the  cryoscopy  results  of  the 
system  [Me(NHj)jjH— iodine  — 
nitrohenaene  arc  presented  giaphi- 
the  nurnber  o*  panicles  in  the  solu¬ 
te gins  to  increase. 


This  type  of  chan^ic  in  the  depression  of  the  system  of  the  type  A"9 -solvent  occimingon  the  adaiiion 
of  component  B  to  a  solution  of  component  A,  has  already  been  mectiora  d  In  the  li^rature,  as  tor  example 
during  the  investigation  of  the  svstems:  iodine  chloride -acetamide-nitrobeiizene  [9],  iodine  chloride  -potas¬ 
sium  chloride-nitrobenzene  [lOJ  and  certain  others  (81  .  . 

In  the  systems  here  studied  such  a  decrease  in  the  depletion  with  the  increase  in  the  concenTration  of 
ammlne  (and  the  inflection  on  the  depression  change  curve)  was  found  up  to  «lie  achievement  of  such  a  lauo 
_ Moles  [Me'NHOrJI,- 100  .....  _ 


of  V’  1,  T~  •  which  is  found  to  be  —  ll'jfc  fci  the  systems  with  —  20  mole  <% 

Moles  [Me(NH5)jj]^  ♦  Mole  Ij 

for  the  systems  wUh  and  —  14  mole  <>f»  for  Ae  systems  with  Cd(NH^4l|. 

As  the  results  of  the  above  reported  investigation  on  the  solubility  cf  [Me(NHj)n]!<  tn  nitrobetizens  solu¬ 
tions  of  iodine  and  on  the  electroconductivity  of  the  systems  obtained  sFiOw.  in  the  systems  [Me(NH3)jj]lj-iodine- 
solvent,  a  process  of  complex  formation  leading  to  a  deciea^  in  the  number  of  particles  in  the  solutiwi  as  well 
as  a  process  of  dissociation  of  the  complex  resulting  in  an  increase  in  the  total  number  of  pirti».les  in  the  solu- 
tion^oocun. 

With  relatively  small  concentrations  of  the  ammlne  in  tiie  soiuucr.  there  Is  a  great  excess  of  iodine  which 
creates  conditions  favorable  for  the  formation  of  the  polyiodide  (y^y,*  mo*e  rich  in  iodine  and  mote 

stable  under  the  given  conditions  of  the  experiment.  With  the  addiilonof  more  amtninf  n^o.e  iodine  Is  bound  in 


the  form  of  polyiodide,  and  when  a  qisantity  of  airmine  sufficieat  to  combine  with  the  iodine  in  the  solu- 
tior.  as  the  u)0:c  rich  in  iodine  (under  conditions  of  the  experiment)  polyiodide  has  been  added,  th,e  total  number 
of  particles  in  tht  solution  will  be  the  smallest,  which  is  shown  by  the  lowest  value  for  the  depression  ca  the 
c’j.'ve  of  1)k‘  change  of  the  depression  with  the  concentration  of  the  ammine 

Tlie  h4i»er  polyiodides  formed  in  the  solution,  evidently,  are  subjected  to  a  gradual  dissociauoa;  there¬ 
fore  there  mu:t  exist  an  equilibrium  between  the  higher  and  lower  polyiodides  and  the  free  iodine  molecules 
in  the  soluPon  according  to  the  scheme: 

I^.r(NH.).^]I2•(V)^l  ^  [bleCNHjl^lle  •  ♦  1*  (Wm-i  **■  2It.etc. 

For  this  reason,  upon  the  further  addition  of  the  ammine,  the  above  equilibrium  is  shifted  to  the  right, 
ue.,  pclyiodldc.  less  rich  in  iodine  are  formed  in  the  solution, which  leads  to  an  increase  in  the  total  number 
of  pirtulct  in  Jhe  solution,  for  example: 

=  Ki(NH5)fl,-(Ie)n-,-n  ♦  Ni(NH>)sfr'(k)n.etc. 

Wk  r.  ti  t  lr!crease  in  the  nuinber  of  particles,  caused  by  such  a  processess,  as  well  as  by  the  electrolytic 
dissociation  of  tr  e  polyiodides.  begins  to  predominate  over  the  decrease  cf  the  number  cf  molecules  of  iodine 
in  the  sclu'lon  as  a  rtMdt  of  complex  formation,  the  decrease  in  the  depression  is  stopped,  and  the  freezing 
pcir.:  of  the  soluticT.  starts  to  drop,  although  the  freezing  pouit  may  still  be  higirer  ihata  that  of  the  starting 
soluuun  rl  lodinv  in  nitrobenzene,  as  >*as  observed  in  these  experiments.  • 

Tr  .ff  fere,  it  can  be  said  that  tha  inflecrion  on  ilie  change  of  depression  with  concentration  curve  indi¬ 
cates  ct'inposition  cf  ihe  iiigser  p'lyiodide  Ln  the  solution  stable  under  the  conditions  of  the  experiment. 

D.c  j>^smcn  of  trie  m.lnlnmm  on  the  change  of  depression  curve  makes  it  possible  to  suggest  that 
NifNHjijIi  •  i  If,  4I;_,  61j.  are  such  higher  polyiodides  in  the  investigated  systems. 

T’lf  ilir.ht  error  in  the  theoretical  eo.mposition  of  these  polyiodides,  from  that  which  corresponds 
to  the  mflcrtlon  on  the  change  of  dep.’ession  curve,  can  be  explained  by  the  effect  of  the  above  mentioned 
processes,  loin.atioii  of  associated  polyiodide  molecules,  gradual  dlssocutlon  of  the  compleret,  and  their 
electiclytic  diisociaiiori. 

Tiic  cojnposltiun  of  these  polyiodides  is  very  close  to  those  complexes  which  were  found  during  the 
invenipailnii  of  I'ne  bma-ry  systems: 

namely.  [Zn(NH,)4]  (Ig),  and  lCd(NHj)43(l5),-[Cd(NH,)4]  (I,)^ 

Comparison  of  me  experimental  results  on  the  solubility  of  nickel,  zfnc,  and  cadmium  iodide  ammines 
in  nitrobenzene  and  acetonitrile  solutions  of  iodine,  as  well  as  tlie  clecirocond activity  and  cryoscopy  of  the 
systems  formed,  shows  that  the  ainmLne  poly.odides  of  these  metals  are  formed  in  organic  solvents  as  in  the 
corresponding  bi'^ary  systerris  of  [Me(NHj)jj]I|— lodirie,  whereby  the  high  electrolytic  properties  of  these  poly¬ 
iodides  arc  retained  in  the  organic  solvents  investigated, with  the  only  difference  being  that  the  value  of  the 
electrocondiiciivity  decreases  with  the  dilution. 

Tlicrtfore.  the  results  of  the  present  bivestigation,  as  well  as  those  of  the  above  mentioned  binary  sys¬ 
tems  arc  in  agreeinent  with  the  positiors  expressed  in  the  literature,  which  conclude  that  solvents  more  or  less 
iniiffcrcnt  locompcnenti  of  a  birary  system  do  not  cha.nge  the  chaiocter  of  a  reactant  with  the  components  of 
the  binary  syiiCin  but  only  weaken  the  magnitude  of  the  properties  (have  an  effect  analogous  to  the  tempera¬ 
ture  )  [11], 

Tlic  results  Of  the  cryoscopic  investigation  of  the  system  [Me(NHj)n]Ii”todlne“Tiltrobenzene  showed  that 
the  cryoscopic  method  of  physico-chemical  anaKsis  [8]  can  be  extended  lo  systems  of  the  type  A-B-solvent,  one 
of  the  components  of  wfiich  (A  or  B),  not  soluble  in  ti,e  given  solvent,  dissolves  iit  It  only  in  the  presence  of  the 
second  component  because  of  the  appearance  of  complex  formation. 

SUMMARY 

1.  Nickel,  zinc,  and  cadmium  iodide  ammines  which  are  almost  iitsoluble  in  nitrobenzene  and  aceto¬ 
nitrile.  dlswtve  in  nitrobenzene  and  acetonitrile  solutions  of  iodine.  The  molar  ratio  of  the  iodine  in  the  solution 
•  This  fact  may  be  the  result  of  the  associatlonof  the  polylodtde  molecules  in  the  nitrobenzene  solution. 


and  dicsc  amounts  of  nickel,  zinc,  and  cadmium  Iodide  ammires  Which  went  solution  (up  to  satuiation) 
reroaiis  almost  constant  for  each  of  the  ^iven  amixiines,even  If  the  concentration  of  iodine  In  the  initial  solu* 
tion  is  changed  by  3-4  tiroes,  and  corresptmds  to  the  formation  of  determined  polyiodides. 

2.  The  electroconducUvity  of  the  systems  Ni(NH,),l,  .  Zn(NKj',^^  ,andCd(KH^\I,- iodine -nitro- 
oenzene  (or  acetotiltrile)  was  measured.  The  electroconductiviry  of  tiiesc  systems,  caused  by  the  electro¬ 
lytic  dissociation  of  the  polyiodides  formed  in  them,  is  about  10'*  for  solutions  in  acetonitrile  and  lQ**ohro'* 
cm"*  for  niuobenzene  roluttons. 

3.  The  cryoscopic  investigation  of  the  systems,  consisting  of  the  ammL-.es  of  ticKel,  zinc,  and  cad¬ 
mium  iodines  and  iodine  in  nitrobenzene  solutions  gave  a  basis  for  supposing  the  higr.er  polyiodides  formed 
in  these  systems  are.respectively: 

Ni(NH^s^  •  8^.  Cd(h*ry^l, •  6^  and  Zn(NH^4%*  4% 
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Fig.  5.  Cryoicopy  of  the  system 
C«HjNC\  - 1,  -  [Cd(NHj)4]l,, 


H  Y  SICO-CHEMIC  AL  ANALYSIS  OF  BINARY  SYSTEMS 


FORMED  BY  UREA  WITH  AROMATIC  ACIDS 


Conumirj  iradc  cs  tie  study  of  the  reaction  of  urea  with  organic  components  containing  hydrogen 
atoms  combined  directly  with  an  oxygen,  the  binary  systems  formed  by  urea  and  the  aromatic  acids,  benzoic, 
salicylic,  and  ar’diranilic.  were  irvestigated.  The  viscosity,  density,  and  clectroconductivlty  of  the  systems 
were  investigated  at  three  teirperatmes. 

The  choice  cf  the  sccctzi  components  was  determined  by  a  desire  to  find  out  what  will  be  the  effect  of 
the  presence  cf  an  aromatic  ring,  and  introduction  of  a  hydroxy  and  amino  group  into  the  aromatic  ring  on 
the  character  of  the  chemical  reaction  with  urea. 

The  meiiad  of  invesrigarlnn  was  the  same  as  had  previously  been  used  D],  The  concentration  is  in 
molecular  percetst.  die  viscosity  in  ceniipolscs. 

The  crea-beozcic  acid  was  studied  by  melting  poLuts  by  a  series  of  investigators  [2,3].  They 

came  to  the  corclcsion  that  a  chemical  reaction  between  the  components  did  not  occur  in  tlie  system.  The 
viscosity,  denrity.  azd  electioccaductivity  were  investigated  by  the  authors  of  the  present  communication  at 
120.  135.  aad  I50*. 

Chemically  pure  benzoic  acid  which  had  a 

^  m.p.  121.1*  after  redistillation,  was  used  for  the  In- 

vestigaiion.  The  urea,  after  many  recrystallizations 

r  from  water,  had  a  m.p.  132.7*.  Fig.  1  shows  the 

t>  relation  of  the  viscosity  to  the  temperature.  The 


Q*s!0^ 


Fig.  2.  Density  of  the  system  urea 
benzoic  acid. 


viscosity  c Hives  rapidly  as  a  result  of  the  viscosity  of  benzoic  acid,  pass  through  a  maximum,  and  decrease 

to  the  viscosity  of  crea.  The  viscosity  maximum  for  the  120*  Isotherm  corresponds  to  50  mole  of  urea.  With 
increase  in  temperature,  it  is  still  mere  shifted  toward  the  more  >Ucous  component,  urea,  and  for  the  150* 
iso-Jiemi.  conespoads  to  70  rocle  5t  of  urea.  The  temperature  coefficient  of  viscosity  Is  also  greatest  for  the 
regiiKi  of  50  mole  5>  of  urea. 

Fig.  2  gives  the  density  isotherms  which  are  straight  lines. 

The  electroconductiviiy  isotherms  have  a  total  of  two  maxima  and  a  minimum  in  the  region  of  50  mole  ‘V 
Correcting  ibe  electroconductivity  by  the  viscosity  does  not  change  the  shape  of  the  curve.  All  three  isotiicnns  retain 
n  minimum  ai  apfiroxinoately  the  region  of  50  mole  ‘Jt  Fig.  3  shows  the  relation  of  the  isotherm  i)  k  to  the 
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Thg  syvteTP  i.-re a —salicylic  was  inves¬ 
tigated  by  Kxen:anii, Weber,  and  Zechner  [2]  by  means 
of  rrjelting  points.  Tney  showed  the  presence  of  one 
compound  of  urea  and  salicylic  acid.  The  system  was 


Fig.  4.  Viscosity  of  the  system  urea 
saUcyJlc  acid. 


also  Invest 'gated  by  rreans  of  melting  points  [4]  by  the  authors,  and  two  compounds  were  found: 

CO(NH^,  *  C^H^iOH.COOH  with  m.  p.  112*  aiid  2CO(KH,>,*  C,H4(OH)CCX>H  with  ra.  p.  106*. 

Chemically  pure  salicylic  acid  which  had  a  m.  p.  166*  after  two  recrystalltzations  from  alcohol,  was 

used. 


The  viscosity,  density,  and  electroconductivliy  were  measured  at  120,  135,  arsd  150*.  The  viscosity 
Isotherms,  given  in  Fig.  4.  rise  rapidly  from  the  viscosity  of  urea,  pass  through  a  maximum,  and  tlien  fall  just 
as  rapidly  to  the  viscosuy  of  .salicylic  acid.  The  viscosity  maximum  corresponds  to  approximately  50  mole  ^ 
and  with  increase  in  temperature,  readily  shifts  toward  urea. 

The  density- iso  therms  (Fig.  5)  are.  as  in  the  previous  systems,  sttaight  lines. 

The  electroconductivity  Isotherms  have  a  maximum  In  the  region  of  85-90  mole  *!kof  uiea.  Correction 
of  the  electroconductivity  by  the  viscosity  shifts  the  maximum  of  the  curve  to  *75  mole  *?;  of  urea.  In  view  of 
the  similarity  of  the  ruinerical  values  of  the 

corrected  electrocorxiuctivity  for  120,  135.  and  ^ 

150*.  Fig.  C  gives  only  the  135*  isotherm.  . 


Fig.  6.  Density  of  the  system  urea“ 
salicylic  acid. 


Fig.  6.  Values  of  lyc  foi  the  system 
urea— salicylic  acid. 


The  system  urea  — amhranilic  acid 


_ _  was  studied  previously  [4]  by  means' of  melting  points.  A  melting 

point  diagram  with  a  sLmple  eutectic  was  obtained. 

In  this  rystero.  only  the  electroconductivity  could  be  investigated;  the  viscosity  could  not  be  invcstl- 
gated  because  of  the  slow  eontin-jous  separation  of  gas  bubbles  which  filled  the  capillary  and  made 


Fig.  'i.  El ectrocoftd 'activity  of  the  system 
urca'anthranillc  acid. 


Kt  -  "  -  ■-■  -  . 

Chemically  pure  andiranillc  acid  which  had  ac  ta.p. 

145*  after  &ree  tecrystaUizations  from, water,  was  used. 

The  specific  electioconductivity  was  measured  at  ’15? 
130*.  and  145*. 

Fig.  7  shews  the  relation  of  the  electroconduciivity  » 
the  concentration.  The  electreconductivity  isotherm  rises 
smoothly  to  that  of  uma.  and  the  140*  Isctberm  passes  ihrcusJt 
a  maximum  at  90  moleffu  Apparently,  ail  of  the  other  isotherms 
must  pass  through  a  maximum  in  this  region  at  this  concentration. 
Because  of  the  crystallization  of  the  mixture,  the  isodierms  could 
be  measured  up  to  60  mole  ^  cf  urea  at  115*,  and  90  mole  ^  at 
130*. 

DISCUSSION  OF  RESULTS 


In  the  system  urea-ljenz-nr  acid,  the  viscosity  isotherms 
which  have  not  only  a  positive  deviation,  but  also  a  maximum,  as  well  as  the  electroconductivity  isodienn 
whidi  has  a  miriimum,  undoubtedly  indicate  the  presence  of  a  ciemlcal  reaction  in  the  system.  The  position 
of  the  maximum  on  ±e  viscosity  curve  and  the  minimum  on  the  electroconductivity  curves,  leads  to  the  be¬ 
lief  that  the  resction  In  the  system  results  in  ihe  forraationof  the  compcund  CO(NH,),*  C4H5COOH,  which  was 
not  observed  by  the  melting  point  method.  It  is  Interesting  that  in  the  system  benzoic^  acid-salicyllC  acid,  a 
compound  cf  the  composition  1:1  was  also  fcund  in  the  liquid  i^ase  15],  whereas  tho  fusion  dugram  has  only 
a  simple  eutectic. 


Becaure  of  the  hydroxy  group  in  the  ring,  the  tendency  to  react  Is  Lncreasod,  which  is  apparent  from  the 
data  of  U>e  system  urea-salicylic  acid.  The  viscosity  isotherms  of  this  sytem  have  adistmct  maximum  In  the 
region  of  b*:.  moie  v  A  rough  idea  of  the  percent  completion  of  the  clcmicrl  reaction  can  be  obtained  from 
the  ratio  of  the  maximum  viscosity  to  that  of  the  most  viscous  comporenr  which  is  common  to  both  systems,  in 
the  given  cast.  The.  greater  die  quotient,  die  more  intense  tlie  reaction.  Such  a  ratio  for  the  vis¬ 

cosity  at  135*  in  the  system  urcarheazoic  acid  is  equal  to  1.58,  and  for  the  same  temperature,  6.22  for  the  system 
urea-salicylic  acid. 


TTie  Isodierm  of  the  corrected  electioconductivity.  having  a  maximum  in  the  region  of  75  mole  ^  of 
nrea,  can  be  said  to  express  the  presence  of  the  compound  2CO(NH|)j-C(H4(OH)COOH  in  the  system;  while 
the  viscosity  isotlicrm  readily  expresses  tne  compounds  CO(NKj)j •  C*H<lOK)C(X)H.  Therefore,  a  study  of  the 
System  in  the  liquid  phase  confirms  the  presence  of  two  compounds  of  urea  and  silicyllc  acid. 


It  is  known  that  the  introduction  of  an  amino  group  into  the  ring  decreases  tlic  strength  of  acids,  which 
must  affect  the  reaction  of  urea  and  anthranilic  acid.  Actually,  it  was  shown  by  .r.eans  of  die  fusion  mediod 
that  a  chemical  reaction  was  absent  In  the  system  [4], 

A  study  of  the  system  in  the  liquid  phase  by  electroconductivity  showed  that  these  curves  have  a  maxi- 
mu.m  at  90  moie  ^  of  urea.  M.  1.  Usanpvich  considers  that  the  appearance  of  such  electroconductivity  curves 
indicates  an  acid-base  reaction  between  the  components  of  the  system  [6j.  By  ilic  position  of  the  maximum.  It 
Is,  of  course,  difficult  to  judge  the  co-mposition  of  the  chemical  compound. 

It  must  be  mentioned  that,  upon  prolonged  heating  of  a  mixture  of  urea  with  benzoic,  salicylic,  and 
anthranilic  acid  at  a  composition  close  to  50  mole  ‘J*  *i  temperatures  over  150*,  carbon  dioxide  and  ammonia 
are  evolved  and  substances  difficultly  soluble  in  water,  dilute  acids  and  bases,  alcohol,  ether,  and  other  organic 
solvents,  aie  fonned. 

SUMMARY 

1.  ‘The  viscosity,  density,  and  electrocond activity  of  the  systems  urea-benzoic  acid.  urea-«alicyllc  acid, 
were  studied  at  120,  135,  and  150*.  and  the  electroconductivity  of  the  s>stcm  urea-anihraiulic  acid  at  115.  130, 
and  145*. 

2.  The  presence  of  a  chemical  reaction  in  the  liquid  phase  was  shown  for  the  system  urea-bcnzolc  acid. 
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evidently,  with  the  formatioc  of  the  compound  CO(NHj)x*  C^H^COCH. 

3.  The  pte&ence  of  two  compounds  was  shown  in  the  liquid  phase  of  the  system  urea-ialicylic  acid, 
CO(N*Hj),-  CcK<(OH)COOK  and  2CO(Nl^,-  C^OH)COOa 

4.  In  the  system,  urea-anftixanilic  acid,  tht  presence  of  an  acid  base  reaction  can  be  assumed. 
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THF  QUESTION  OF  THE  DETERMINATION  OF  CONFIGURATION 
OF  MOLECULES  WITH  TERTIARY  ASYMMETRIC  CARBON  ATOMS 

V.  P.  GolmoT 


Ai  the  present  time  there  is  rK)  chemical  method  for  the  determination  of  configuration  of  optically 
active  substancei  whose  ntjolecules  contain  an  asymmetric  carbon  atom  combined  with  three  other  cartoon 
atoms.  The  difficulty  in  the  determination  of  configuration  in  the  given  case  is  the  fact  that  substances  of 
the  above  structure  cannot  be  obtained  from  glyceraldehyde  without  a  stageof  substitution  in  the  asym* 
metric  center,  which  can  always  be  accompanied  by  a  Walden  inversion  roakLng  It  impossible  to  make  any 
conclusion  on  their  cmficuration.  For  this  reason,  attempts  to  determine  the  configuration  of  such  substances 
using  methods  with  substitution  at  the  asymmetric  atom  are  unsuccessful,  which  was  shown  by  the  authors  of 
this  investigation.  The  above  applies,  for  example,  »  the  determination  of  configuration  of  stereoisomers 
of  methyisuccinic  acid,  used  by  E.  Fisclier  [1],  starting  from  an  a-bromopropioiilc  acid  of  known  configura* 


tion: 


COOR 


NaCH^CNJCOOR^ 


I 

CH, 


COOR 

I 


H“C-CH(CN)COOR- 


COOH 

I 

H-C-CH,-COOH 

CH, 


as  well  as  the  attempt  of  J  Braun  [2jto  determine  die  configuration  of  B-methyladlpic  acid  in  order  to  es¬ 
tablish  the  configuration  of  the  natural  terpene  molecules. 


Recently,  Fregda  used  a  method,  starti''<g  with  a  substance  of  opposite  structural  configuration,  for 
the  determination  of  configuration  of  compounds  having  tertiary  asymmetric  carbon  aorrsto  give  the  so- 
called  "zctive  racemates"  the  formation  of  which  can  be  judged  by  uslr:g  fusion  curves  of  a  system  one  of 
whose  components  is  the  compound  of  known  config’^ratiop,  and  the  other,  that  being  studied.  Using  this 
method,  Piegda  established  tne  true  configuration  of  stereolsomeric  methyl  succinic  PI  isoivopylsucciRlc 
[4],  e-iscp.-opyladipic  [5]  acils,  and  a  series  of  other  compounds  derived  from  them,  starting  from  active  malic 
acid  of  known  configuration.  iTie  results  of  this  method.  Uke  other  physical  methods, .can  only  determine  the 
true  configuration  of  active  compounds;  in  addition,  he  used  only  solid  substances  for  determination  of  con¬ 
figuration. 


Evidently,  in  order  to  make  possible  the  oetermLnatlon  of  configuration  of  substances  with  tertiary 
asymmetric  carbon  atoms  chemically,  it  is  r^cessary  to  discard  the  usual  methods  for  comparison  of  con¬ 
figuration  based  on  the  traasition  fromcne  of  the  stereolsomeric  forms  of  glyceraldehyde  to  the  given  sub¬ 
stance,  or  tfiC  reverse  [6];  in  its  place  a  nev*  metnod  most  be  sought  for  tne  comparison  o^  configuration 
free  from  the  necessity  of  having  to  effect  substitution  on  the  asymmetric  center.  The  following  can  be 
used  in  this  manner.  Glyceraldehyde  on  the  one  hand,  ar<l  the  substance  whose  configuration  Is  being 
determiried,  on  the  other,  have  to  be  related  to  each  other  by  means  of  exchange  reactions  with  those  cyclic  com 
pounds  that  have  2  centers  of  asymmetry  ii*  tr:e  »if'g.  The  first  of  these  centers  of  asymmetry  must  originate 
from  one  of  the  forms  of  glyceraldehyde,  and  the  configuration  of  the  substituents  around  It,  therefore, 
roust  be  known.  Tlie  second  asymmetric  carbon  atom  must  be  genetically  combined  to  the  center  of  asytn- 
roetry  of  the  molecule  of  the  substance  whose  configuration  is  beii'g  determined.  Then  the  configuratioa 
of  the  substituent  around  this  asymmetric  atom  is  determined  on  the  basis  of  whether  the  substituents  in 
both  ceniets  are  found  In  cis  or  trans  position  to  each  other. 

Let  the  above  be  explained  by  the  following  example.  Let  us  suppose  that  the  determination  of  the 
configuration  of  the  cnantiomapiic  B*dim  ethyl  adipic  acids  is  desired,  starting  from  the  and  j;-  forms  of 
glyceraldehyde  of  known  configuration.  The  direct  transition  from  glyceraldehyde  to  B-methyladipic 
acid  is,  evidently,  impossible  without  disturbing  the  asymmetric  center. 

However,  If  one  of  the  active  forms  of  glyceraldehyde  could  be  related  by  a  series  of  subsequent 
transformation  to  the  configuration,  for  example,  of  3-methylcyclopcntanol,  two  diastereomers  will  be  obuined 
as  a  result: 


which  would  be  cis  aod  trans  isoroen  at  the  same  time. 

Since  the  configuration  of  substituents  at  the  center  of  asyiniDetry  combined  with  the  hydroxyl  group 
would  be  known,  the  position  of  the  substituent  around  die  other  asymmetric  carbon  atom  determines  the  cate¬ 
gory  of  the  diastereomer  as  cis  or  trans.  Oxidizing  both  diastereomeric  3-roe  thy lcyclopen».anols  into  ketones, 
two  enantionoiphic  3*roethylcyclopentanones  with  nao'ecules  of  known  configuration  will  be  obtained.  Since, 
on  the  other  hand,  these  ketones  can  be  obtained  from  the  corresponding  active  fl-roethyladipic  acids  [7],  the 
configuration  of  the  latter  wUl  be  establidied: 


SUMMARY 

The  problem  of  determining  the  configuration  of  substances  which  cannot  be  obtained  fromglycer- 
aldehyde  without  disturbing  the  center  of  asymmetry  is  almost  completely  solved  and  only  the  removal  of  a 
series  of  difficulties,  experimenul  in  character,  remains.  A  possible  means  for  the  determination  of  config¬ 
uration  of  6-methyladipic  acid  is  given. 
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CATALYTIC  ISOMERIZATION  OF  UNSATURATED  HYDROCARBONS 


XIX.  ISOMERIZATION  OF  UNSATURaTED  FIVE-  AND  SlX-MEMBERED  CYCLIC 
HYDROCARBONS  WITH  A  DOUBLE  BOND  IN  THE  SIDE  CHAIN 

R.  Ya.  Levina.  N.  N.  Mezenisova,  and  P.  A,  Akishin 

The  rearrarigerrer.t  of  a  double  bond  u'idci  tr.e  lafluefiCc  of  a  contact  catalyst  been  reported  in  the 
literanire  for  only  a  few  examples  of  cyclic  hydrocarbons  with  a  double  bond  in  tlie  ring  or  in  the  side  chain, 
in  contrast  to  the  isomerization  of  unsaturated  hydrocarbons  with  an  open  side  chain  [1].  Tlias,  O.  G.  Filippov 
[2]  brought  about  the  rearrangement  of  methylenecyciobuta'e  Lnto  1  njethylcyclobutene-l  by  passing  it  over 
aluminum  oxide  (300*).  The  rearrangemem  o<  the  ri:g  do.  hie  lior-d  in  l-methyM-isopropyicyclohexene-l 
(roenthene-1)  by  contact  with  magnesiam  sulfate  on  copper  pt-osphate  (300-450*)  has  been  reported;  under 
these  conditioria  menthene-l  reanaiiged  into  inenihe  le  3  (1  meitiyl-4-isoprop>lcycloheAetHe-3)  [3]. 

A  systematic  Investigation  was  cottducied  during  tie  present  study  of  catalyiic  i'omerizarlou  of  certain 
five  membered  and  six  membered  cyclic  hydrocarbons  a  double  bo»d  in  the  ring  or  in  the  side  chain-  Tictbvl- 
Cuccyclopentane,  virylryclope.ntane,  allylcyciopentartf,  l~ethv'cYclope.*'te’^-l.  l-ethyicyclopentene-2,  methyl- 
enecyclohcxane,  vinyicyclohexaiie,  allytcyc  'c-i'vxane.  I  ettiykyclohexe'se-i,  and  l-ethyicyclohexene-2.  Chromic 
oxide  on  aluminum  oxide  was  used  as  tfie  conuct  catalyst.  • 

The  investigation  cf  tiiC  caialyzares  ob»iii'<«-d  was  effected  by  means  of  Raman  spectra.  It  was  established 
that,  with  one  pass  over  chromic  oxide  or  aluminum  oxide  at  250*.  methylene  and  viiiylcyclopentane  rearranged 
completely;  the  cataly^’-^tc  obtained  did  co.">ta!'  tt*  srimirg  a-ethylenic  hydfccarbons  and  consisted  of  the 
isomeric  alkylcyciopemenes-l,  1-methyl-and  1  ethyh  ycTcperiere  1,  respectively: 


Allylcyclopentene,  in  which  the  double  bond  is  tarrrte*'  from  the  ring  rearranged  completely  after  ordy  two 
passes  over  the  contact  catalyst  to  form  two  isomeru  hydrocarbons,  tran.sp.roper.ylcycloperuane  and  1-propylcyclo- 
pentene-1 ; 

H,-CH^H, 


Therefore,  the  sequeirce  of  the  rearrangement  of  the  double  bond  Into  the  ring  is  shown  by  the  example  of 
allylcyclopei.tane. 

Cyclohexane  hydrocarbons  with  unsaturarfd  srde  chsin.s,  metbylener  vinyl,  arxl  aUylcyclohexane.  were 
rearranged  by  one  pass  over  chromic  oxide  or  a'l'ini'-um  ox*de  at  250’  mainly  i^'to  the  l*alJ‘ylcyclohexene-l. 
However,  in  this  case,  m  contrast  to  the  uome'izanon  cl  the  all'enecyclC'pertar’CS:  a  further  isomerization  of  the 
1-alkylcyclohexenes-l  into  l  alkylcyclcof»exe.ies-2  (lossibly  with  a  trace  o<  1-alKylcyciobexeoe  3)  occurred. 

Such  a  reanangement  of  the  double  bond  in  the  ring  occurre-d  to  a  greater  extent  with  niei.r.ylene  cyclohexane 

( T' 

33‘)l) 

•  The  high  isomerization  properties  of  the  coinact  catalyst  in  relation  to  dienic  hydrocarbons,  as  well  as 
aromatic  hydrocarbons  with  unsatutaied  side  chains  was  shown  ir  previous  Investigations  [4,  5,  6). 


than  with  vinyl  and  aUylcyclohexane. 

/  VCH, 


‘  'j  ^ 

/  (  -  bi/% 


r-CH-CH-CH, 


\/ 


43‘9;») 


11 


It  was  of  interest  to  study  further  &e  behavior,  under  the  above  conditions,  of  the  products  of  Aese  reac¬ 
tions,  1-alkylcycloalkenes-l,  as  well  as  hydrocarbons  isonieric  with  them,  the  l-ikylcycloalkencs-2  in  which  the 
double  bond  is  farther  away  from  the  substituent.  For  this  purpose,  l-ethylcyclopenicne-l  and  l-cthylcyclohexene« 
1,  as  well  as  l-cthylcyclopentene-2  and  l'ethylcyclohexene-2  were  subjected  to  contact  catalysis  over  chromic 
oxide  on  aluminum  oxide  at  250*. 

l-Ethylcyclopentene-l  was  found  to  be  exceptionally  stable  under  conditions  of  conuct  isomeri^aiioa: 
upon  passing  it  over  the  contact  catal>’st  at  250*,  it  was  almost  unchanged, while  its  six-membered  analog,  1- 
ethylcyclohexcne-1,  under  these  conditions,  suffered  a  partial  (-*.15^)  isomerlcation  with  the  reanangement  of 
the  double  bond  in  the  ring  Into  a  position  farther  away  from  the  alkylated  carbon  atom. 


(unchanged)  (by 

l-Ethylcyclopemene-2  and  l-ethylcyclohexene-2  vfcre  found  to  be  readiiy  Isomerizable  hydrocarbons,  and 
under  the  contact  conditions,  rearranged  (by-^  40-60^)  Into  l-alkylcycloalkene$-2  (with  the  movement  of  the 
double  bond  in  the  ring  toward  the  alkylated  carbon  atom): 


C,H, 


iH,; 


O' 


Therefore,  it  was  possible  to  shew  that,  upon  contact  with  chromfc  oxide  on  aluminum  oxide  at  250*,. five; 
as  well  as  six-membered  1-alkylcycloalkenes-l  arc  considerably  nwie  stable  forms  that  the  Isomeric  l-»iakylcyclo- 
alkenes-2. 

It  is  necessary  to  mention  tfat  all  of  the  investigated  six-membered  cyclic  hydrocarbons,  al!  snecyclo- 
hexane  and  alkylcyclohexenes  under  the  conditions  of  contact  isomerization  (cluomic  oxide  on  aluminum  oxide 
at  250*)  partially  underwent  an  ineversible  N.D.  Zelinsky  reanangement.  for  example: 


-CH=CH, 


EXPERIMENTAL 

The  starting  cyclic  hydrocaibons  without  a  ting  double  bond,  roethylenecyclopentane,  methylenecyclo- 
hexane,  vinylcyclopentane,  and  vinylcyclohexane  •  viere  obtained  (in  yields  of  70-65*51)  of  Ac  theoretical)  by 
the  pyrolysis  of  the  acetates  of  the  primary  alcohols,  cyclopentylcaibinol,  cyclohexylcarbinol,  and  cyclohexyl- 
edianol,  syntbesxed  by  the  reaction  of  paraformaldehyde  or  ethylene  oxide  wldi  cyclopentyl  or  cyclohexyl 
roagnesium  chloride.  The  constants  of  the  alcohols  arxl  acetates  obtained  are  given  in  Table  1. 

*  syntheses  of  the  hydrocarbons  were  reported  in  detail  In  one  of  the  previous  communications  t7 1  Recent! 
a  lymbesli  of  these  hydrocarbons  was  published  [8]  without  quoting  this  paper. 
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TABLE  1 

Name 

i  Boiling 

d*® 

1  mrd 

j  Ificldjin  ^ 

i  point 

j  *’D 

i  Found 

1  Calculated  ' 

!  of  theorefical) 

Cyclopentylcarbinol 

!  1 

58-59* 

1.4579 

0.9332 

29.28 

i 

1  29.23 

30 

(14-15  ram)  | 

! 

Aceute 

85-86  1 

1.4378 

0.9574 

38.97 

1  38.59 

70 

(40  mm)  1 

1 

Cyclohexylcaiblnol 

88-59  1 

;1.4C56 

0.9285 

34.03 

1  33.85 

35 

I 

j  (11-12  mm)  1 

I  j 

[  1 

i 

Aceute  j 

75-76  ! 

!  1.4460  ! 

0.96C5 

43.36  S 

'  43.21 

i  73 

j 

(14  15  mm)  1 

)  < 

' 

i 

Cycloper.tylethanol  j 

74  ; 

;l.45'J8  1 

0.9231  i 

33.74 

[  33.85 

40 

j 

(12-13  mm)  j 

[  1 

! 

*  * 
1 

Acetate  | 

75  1 

|1.4403  j 

0.9504  * 

43.38 

1  43.21  j 

75 

1 

(14-15  mm)  j 

!  j 

1 

1 

1  ‘ 

Cyclohexylethauol  • ' 

S^lOO 

1.4649  » 

0.9189  ’  38.58  i 

•  38.47  j 

33 

(15  mm)  ; 

! 

1 

i 

♦ 

Aceiate  ! 

97-98  ■ 

1.4478  • 

0.9500  ' 

47.97  j 

47.83 

80 

: 

(15  mm) 

i 

i 

! 

Allylcyclopentane 
and  allylcyclohexane 
were  obtained  by  the 
action  of  allyl  chloride 
on  cyclopeatyl  magnes¬ 
ium  chloride  and  cyclo¬ 
hexyl  magresium  chloride. 


diene  and  cyclol.-exaaiene-i  3  (as  s-xja  as  they  wcie  obtained)  were  reacted  with  ethyl  mag: 
ei;cess  (— 


1 -Eihylcyclopemene -2 
and  l-ethylcyclohcxene-2 
were  synthesized  (in  yields 
of  50  and  54^t  of  the  the¬ 
oretical)  by  the  reaction 
oi  ethyl  magnesium  bro- 
rride  with  1-chlorocyclo- 
pcn:era;  -2  ard  1-bromo- 
cycloheyene-2,  which  were 
obtaiTied  by  the  action  of 
hydrogen  halides  on  cyclo- 
pentadiene  and  cyclohexad- 
.iene-1.3.  respectively.  The 
hydrnhalides  of  cyclopenta- 
'Csium  bromide,  used  in  some 


l-EtoylcycIopentenc-l  and  1-ethylcycloliCxene-l  were  obtained  (Ln  yields  of  55  and  4P'^tof  the  theoretical)  by  the 
dehydraiioa  'distillation  in  the  presence  of  Iodine)  of  the  correspondir.g  tertiary  alcohols.  Other  cyclcpentyl  and  cyclo- 
hcxenyl  hydrocarbons  with  the  same  position  for  the  double  bond  (Isneihyi-  and  l-p:opylcyc!oa>kerses'l),  possible  iso- 
iTK'rizaiicn  products  of  the  irvestigared  cyclic  hydrocarboiis  wiin  a  double  bond  Ln  the  side  chain,  were  obtained  in  the 
same  wa  rl  The  constacts  of  all  of -the  symheiized  hydrocarbons  (after  distillation  over  sodium  through  a  column  of  30 
theoretical  plates)  are  given  Ln  Tables  2  and  3. 


'the  hydrocarbons  were  pas^d  over  chromic  oxide  on  alumirxum  oxide  (tube  diameter  16  mrn).  length  of  catalyst 
layer,  45  cm)  at  250*  in  a  slight  stream  of  nitrogen  at  a  rate  of  0.06  g;  minute.  The  catalyzates  (yield  SO-SS'^t)  distilled 
completely  with  the  limits  of  temperature  given  Ln  Tables  2  and  3.  (V.i:  dUtillation  was  conducted  over  sodium  from  a 
flask  with  a  small  dephlegmator)-:  higher  boilLig  fractions  were  absent.  ,, 

The  activity  of  the  mi/vCd  contact  catalyst,  chromic  oxide  or.  a'uminum  oxide,  was  controliled  by  the  degree  of 
isomerization  of  allylberzene  (allylberzer.e  was  isomerized  by  95<5fc)  [4l  bef'-.re  each  experiment,  the  contact  caulyst 
war  activated  by  heating  with  a  stream  of  air  for  4  5  hours  at  450*. 


The  synthesized  hydrocarbons  ar.d  the  catalyzates  cb:ai.r,ed  from  th'em  (I  X.)  were  i-'vesugated  by  Raman  specua; 
the  Raman  spectra  were  taken  on  a  three  prism  spectrograph  with  glass  optics  having  an  average  dispersion  of  13  A/ mm 
in  the  region  of  4385-4916  A  with  a  slrt  width  of  0.1  mm  (-^  cm*‘on  Lne  spectrum).  The  ipect.-um  was  excited  by  the 
4358  A  line  (speerrOfilter  with  KN*.'),).  Tne  method  of  photography,  meas.rement  of  the  frequencies,  calculation  of  the 
intensity  of  the  lines,  and  the.  composition  of  the  cemponents  Ln  trie  mixture  vere  previously  described  in  detail  (^10). 


The  aj^licatioii  of  the  Raman  spectrum  for  the  study  of  the  reana*  gemert  processes  of  double  bonds  In  unsat¬ 
urated  cyclic  hydrocarbev.s  is  based  on  the  characteristic  frequencies  ir.  the  region  1640-1680  cm' '  fo~  the  isomeric 
cyclic  hydrocart>cns  with  different  positions  of  the  dcrble  bond.  The  constants  of  the  caralyzaes  ^nd  the  character¬ 
istic  frequenc  les  of  Aeir  double  bond  in  the  Raman  spectrum  are  given  lie  Tables  2  and  3. 


Comp&ruon'cf  the  spectra  of  individual  tiydrocaibors*  with  those  of  the  catalyeate  arul  ^le  use  of  the  charac¬ 
teristic  frequencies,  made  it  possible  to  establish  a  qualitative  ccmpcsiticr.  of  the  catalyKS’e  ebtaired  after  the  passage 
of  each  hydrocarbon  over  the  contact  catalyst. 

The  determination  of  the  quantitative  composition  of  the  separate  compeoents  irt  the  catalyzae  w«is  effected 


•  The  set  of  analytically  important  frequencies  (in  the  region  200-1680  cm"*  of  the  Raman  spectpim  of  all  of  the 
Investigaiod  hydrocarbons  are  given  In  the  p.^evlous  communication  [111, 
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TABLE  2 


Hydrocarbons  and 
catalysates 


Klethylene  cyclohexane 
Catalyzate VI  (After  pass¬ 
ing  roethylececyclo- 
hexaae  over  the  con¬ 
tact  catalyst) 


Boiling  point 


Characteristic 
frequency  of 
the  C=C  bond 
in  the  Baman 
spectrum  cm 


Composition  of  the 
catalyzate 


Frequency 
line  used 
for  the 
determin¬ 
ation 


99.8-100*  (766  mm)  1.4498  ;0.8055 1 

1  - 


'  104  -106  (747  03)  1.4490  0.8038 


1 1  -Methylcyclohe  xene-— 60^ 

;  1  -Methylcyclohe  xene  -2 
!  (with  a  possible 

"•  contaminaticn  with  1- 
^  methylcyclohexcne-3)*  • 
j  Toluene-'  1.5-2.0‘5t 
:Methylcyclohexarie-'5‘|fc  I 


1651* 
I  1003 
770 


1 -Me  thylc  ne  c  yc  lobe  xe  ne  • 

Vinylcj-clohexane 

Cauljvae  VU  (After  131-134  (757  mm)  1 1.4558  0.8170  1  641  I  Starting  vinylcyclohex- 

passing  1-cihyicyclo-  I  }  {  ane  — 3‘5fc  1641 

hexene-1  over  the  con-  j  1653  il-Eihylcyclohexene-l 

uct  catalyst)  !  ~  75^  1671 

1671  ll-^hylcyclohexene-2 

I  j  -13^  1653 

I  i  I  .Ethyl  benzene -3.0<>  1003' 

\  I  i  j  Ethyl  cyclohexane  -  6.0^  ~ 

1-Ethylcyclohexcne-l  '  135.2-135.5  (768mm)  '  1.4562 10.8159!  1671  ’  -  — 

Catalyzae  V in  (After  '  133  -135  (760  mm)  1.4564  j0.8182  •  1651  .Recovered  1-ethylcyclo- 

passing  l-etbylcyck>-  I  '  !  •  1671  !  hexene-1 --78‘>» 

hexene-1  over  the  coci-  j  j  I  j  l-Eihylcyclohexene-2-17^  l?!'l 

tactcatalysQ  *  I  I  •  .Ethylbenzene ''2<3k  i  1004 

I  I  ■  I  Ethylcyclohexatte  '4^  I  “ 

1-Ethylcyclohexene-C  131.-7-132.0  (760ram)  1 1.4500  0.8104 1  1651  *  -  •  !- 

Caulyzae  IX  (After  !  132.C-134.5  (758mm)  1.4547  0.8178’  1650  Recovered  l-«tbylcyclo-  1 1650 

passing  1-cthylcyclo-  j  1671  hexene-2'' 25*511  ; 

hexenc-2  over  the  con-  !  l-Ethylcyclohexcrte-l  i 

tact  caul>’st)  j  50*5k  1 1671 

I  .Ethylbenzene -8. 0*51  j  1003 

!  j  Ethylcyclphexane  -  IT^b  1  ** 

Allylcyclohexane  j  151.2-151.5  (757mm)  1.4500  0.8135  1641  ,  -  - 

Catalyzate  X  (After  j  152  -154  (752  mm)  <1.45-52  0.8221  1641  Recovered  allylcyclo-  1641 

passing  aUylcyclo-  j  {  j  1653  hexane  15*^ 

hexane  ove 7  the  |  1671-  l-Propylcyclchexene-l  1671 

contact  cauilyst)  11  79^k*** 

j  !  jl-ftopylcyclohexene.-^ 

!  I  2<5b  1653 

I  I  jPropylbenzeiie  -2^  1001 

l-fropylcyclo)iexene-l  153.5-154  (750  mm)  jl.4573  0.8279  j  1670  Propylcyclohexane  -4*5^  - 

Notes  for  Table  2 

•  By  ana  logy  with  the  characteristic  frequency  of  l-ethylcyclohexene^ 

••  Beca*use  there  is  a  characteristic  frequency  at  1651  cm'*  in  the  Raman  spectrum  of  the  sUrting  methylene- 
cyclohexane.  tJ»e  presence  of  this  frequency  in  fce  s?«ctrum  of  caul>'zate  VI  could  be  atuibuted  to  the  presence  of 


•1.  109-109.2  (760mm)  ^  1.4508  0.8134 i 
j  125('?40mm)  •  1,4470  !o.809l! 

■  131-134  (757  mm)  1 1.4558  |0.8170! 

;  i 


l-Etiiylcyclohexcne  -1 
Catalyzae  Vin  (After 
passing  l-ethylcyck>- 
hexene-1  over  the  coci- 
tact  catalysQ 

1-Ethylcyclohexene-C 
Caulyzae  IX  (Afrer 
passing  1-cthylcyclo- 
hexenc-2  over  the  con¬ 
tact  catal>’st) 


Allylcyclohexane 
Catalyzate  X  (After 
passLtg  allylcyclo- 
hexane  over  the 
contact  cauilyst) 


135.2-135.5  (768mm)  1.4562  I 
133  -135  (760  mm)  1.4564  j 


131. -7-132.0  (760ram)  |1.4500 

132. C-134.5  (758mm)  jl.4547 


151.2-151.5  (757mm)  ‘1.4500  0. 
152  -154  (752  mm)  <1.45-52  0. 


ccntiimed  on  the  top  of  p.  586). 
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TABLE  3 


Hydrocarbons  and 
cat'.lyzates 

Boiling  point 

■4,’  4* 

Characteristic 
frequency  of 
the  C=C  bond 
in  the  Raman 
spectrum  cm”' 

Composition  of  die 
catalyzate 

Notes 

Methylene  cyclopenune 

73-73.2 

1.4342  0.7803 

1653 

— 

— 

(750  mm) 

Catalyzate  1  (after  passing 

73.2-74.5 

1.4314  0.7781 

1657 

1-Methylcyclopentene-l  • 

Established  by  the  co 

methylene  cyclopentane 

(749  rom) 

(without  contamination  i 

plete  set  of  frequen 

over  the  contact  catal- 

from  the  starting  meth-  t 

in  the  spectrum  ant 

yst) 

ylenecyclopenune)  ! 

absence  of  the  &eq 

of  die  startir.g  mate 

l-Methylencyclopentene»l 

74.3-74.4 

1.4326  0.7765 

1657 

_  ! 
1 

— 

(747  mm) 

Vinylc  yc  lopentane 

98.5-98.7 

1.4375  0.7834 

1641 

— 

(762  mm) 

Caulyzatc  11  (after  pas- 

106-107 

1.4420  0.8001 

1654 

1-Ethylcyclopentcne-l 

Esublished  by  the  c< 

sing  vinylcyclcpentane 

(773  mm) 

• 

(with  conumination 

plete  set  of  &equei 

over  the  conuct  cat- 

from  the  surting  vinyl 

ia  the  spectrum  ant 

ah's!) 

cyclopenune) 

the  absence  of  the 

quency  of  die  surt 

hydrocarbon 

l-Eihylcyclopen:ene-l 

105  (760inra) 

1.4444  0.8015 

1653 

— 

Caul>*zate  lu  (after  pass- 

105-106 

1.4440  0.8024 

1653 

Surting  l  -ethylcylo- 

The  spectrum  of  the 

Ing  1-ethylcyciopentenc- 

(757  mm) 

pentene-l 

caulyzate  was  idei 

1  over  the  contact 

cal  to  that  of  the 

catalyst) 

■ 

. 

starting  hydrocarbt 

l-Eihylcyclopentenc-2 

96.7-9S.8 

1.4319  0.7835 

1617 

** 

- 

(750  mm) 

j 

Catalyzate  IV  (after  pass- 

98-102 

1.4370  0.7904 

1617 

Surting  1-cthylcyclo- 

I  Determined  by  the 

ing  1-cthylcyclopeni- 

(761  mm) 

pentene-2— 60^ 

line  1617  cm  * 

1  ... 

ene-2over  the  conuct 

1653 

!l  Etbylcyclopentene-l 

1  Determined  by  the 

catalyst) 

— 40<Jl 

Ime  1653  cm"' 

Allylcyrlopenune 

124-124.5 

1.4400  0.7912 

1641 

(756  mm) 

Caulyzate  V  (after  a 

129.5-130 

1.4468  0.7943 

1641 

Surting  allylnyclopen- 

Determined  by  the 

single  pass  of  allyl- 

(760  mm) 

j  une  ~33^ 

line  1641  cm 

cyclopenun?  o  ver  the 

1653 

[  1 -Propylcyclopentene-l 

Determined  by  the 

contact  catalysQ 

! 

-30^ 

lir.e  1653  cm  ' 

j  1672 

Transpropenylcyclo- 

Determined  by  the 

i 

per.Une 36^ 

line  1672  cm  '  • 

Catalyzate  Va  (after  two 

129-130 

1.4446  0.7952 

i  1653 

l-Propylcyclopentene-l 

Determined  by  the 

passes  of  alJylcycIo- 

(758  rom) 

{  -575. 

line  1653  cm” 

pentane  over  the  con- 

1672 

;  Trans-propenylcyclo- 

Determined  by  the 

tact  caulyst) 

1 

j  pentane  '-'435> 

line  1672  cm 

1  -Propyl  cy  elope  ntene  -1 

129.5-130 

1.4430  0.7959 

i  1653 
i 

: 

(752  mm) 


*  Characteristic  for  traiualkenes. 
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Sotgs  for  Table  2  (continued) 

un-hanged  (uader  these  isonierizatioo  conditiczis}  roetrilene  cyclohexane*,  however,  other  sufficiently  imense 
lines  of  this  hydrocarbon  were  absent  in  the  spectr-tn  of  the  caulyzatej  (30S  era'  ;  406  cm  ;  842  cm  : 

8S9  cm'*;  1103  cm"*:  1144  cm"*:  1250  Cm'*:  1320  cm"*;  1C84  cm"*  [9].  Therefore,  the  appearance  of  the 
frequency  1651  cm"*  in  catalyzate  \1  could  be  caused  only  by  the  presence  of  l-methylcyclobexene*2  (with 
a  possible  contamination  with  ImeUiylcjclohexeiie-S).  since  the  frequency  1651  cm  is  cnaiacterlstic  for 
iTalkylcyclohexenes^  [9J. 

An  intense  frequency,  1671  cm'*  which  was  used  for  the  calculation  of  the  amount  of  l*f>ropyl- 
cycl<Acxene-l  in  catalyzate  X.  is  characteristic  not  only  for  l-aUtylcyclohcxenes-l.  but  also  for  the  tram  form 
of  the  disubstituted  ethylene.  Upon  the  isom«rication  of  ethylcyclobexene.  a  hydrocarbon  of  this  type  of 
structure  could  have  been  forraed  In  catalyzate  0.  trans-^ropenylcyclohoxenet  however,  apparently,  this  hydro- 
catbon  was  absem  in  catalyzate  X  (cr  its  amount  was  negligible)  because  the  ratio  of  the  intensity  of  the  lines 
1610  and  748  cm"*  was  found  in  essence  to  be  icentical  in  the  free  1-propylcyclohcxene-l  and  in  the  catalyzate 
X. 


photometrically  by  the  analytical  lines  of  the  spectra  of  the  catalyzate  for  which,  with  the  aid  of  the  corres¬ 
ponding  curs'cs  for  the  extinction,  the  intercity  was  calculated;  for  the  calculation  of  the  percent  composition 
of  the  component,  phommetric  data  on  the  intetalry  of  the  lines  In  the  spectra  of  the  individual  hydrocarbons 
(in  a  unit  objective  scale  O  per  mole  and  cm'*}  was  used. 

The  diffCiential  intensity  Li  per  mole  and  cm"*  were  obtained  with  a  6  cm"*  slit  on  the  spectrum  and 
were  expressed  on  a  unit  scale  in  which  the  differearial  intensity  of  the  line  801  cm"*  of  cyclohexane  was 
adopted  for  250  units  per  mole  and  cm'*. 

Upon  the  roeamreroent  of  the  intensity  of  the  line  in  the  region  of  1640-80  cm"*,  in  Raman  spectrum 
of  the  hydrocarbons  studied,  a  constant  intensity  of  a  characteristic  frequency  for  a  C==C.  was  established,  namely, 
the  differential  intensity  (per  mole  and  cm"*)  equal  to  115-130  £12]. 

The  determination  of  the  cyclohexane  hydrocarbons  (product  of  the  Irreversible  catalysis)  in  the  cauly- 
ratei  VL  VIL  Vin.  DC.  and  X  was  difficult  because  of  the  overlapping  of  their  more  intense  lines  by  the  lines  of 
the  suftit^  and  resulting  hydrocarbons:  for  this  reason  the  amount  of  methyl-,  ethyl-,  and  propylcyclohexane  In 
these  catalyzaes  was  calculated  fram  the  amoent  of  aromatic  hydrocarbons  found  (the  ratio  of  &e  amount  of  the 
cyclohexane  to  the  aromatic  hydrocarbons  was  ujeen  to  be  equal  to  2:1.  according  to  the  scheme  of  irreversible 
catalysis.) 

Conclusions  on  the  composition  of  the  catalyzate  made  on  the  basis  of  the  spectroscopic  data  are  given 
in  Tables  2  and  3. 

In  order  for  such  amounts  of  products  of  the  irreversible  caulysis  to  be  formed  in  catalyzates  VI.  VU,  and 
X.  obtained  by  the  isomerization  of  methyleijC,  viiryl.  and  allylcyclohexane,  from  which  cyclohexane  hydro¬ 
carbons  could  be  sejarated  and  characterized  by  constants,  they  were  passed  repeatedly  over  the  contact  catalyst 
uader  the  following  conditions:  20  ml  of  each  newly  obtaLsed  catalyzate  was  treated  with  sulfuric  acid  In  order 
to  remove  tfie  unsaiiuatcd  and  ammatic  hydrocarbons  and  turning  sulfuric  acid  with  7^  SO|).  In  each 

case,  the  cyclohexane  hydrocarbons  which  did  not  react  with  the  sulfuric  acid.  2.8,  3.0.  and  4.4  ml  of  me  thyl, 
ethyl,  and  propylcyclobexane.  respectively,  were  washed  to  neutrality,  dried  with  calcium  chloride,  and  distilled 
over  sodium.  The  constants  of  the  cyclohexane  hydrocarbons  agreed  with  those  In  the  literature. 

SUMMARY 

The  contact  Isomerization  of  unsaturated  five  and  six  membered  cyclic  hydrocarbons  (with  a  doublet 
bond  in  side  chain  and  in  the  ring)  proceeding  with  a  rearrangement  of  the  double  bond,  was  studiedL 

2.  It  was  shown  that,  upon  the  passage  of  alkenylcyclopenunes  over  chromic  oxide  on  aluminum  oxidc> 
at  250  ,  the  double  bond  rearranged  from  the  side  chain  into  the  ring  and  remained  at  the  alkylated  carbon  atom 
of  die  ring.  Methylene  and  vinyl  cyclopentane  were  completely  transformed  into  the  corres^ndlng  1-alkylcyclo- 
penicne-1*.  for  the  example  of  allylcyclopenune.  a  hydrocarbon  with  a  double  bond  farther  away  from  the  ring, 
the  preserve  of  one  of  the  intermediate  producu  of  the  sequence  rearrange  trie  nt  of  the  side  chain  double 
(txampropenylcyclopentace)  (in  addition  to  1-propylcyclopentene)  could  be  diown. 
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3.  Ii  was  shown  that  alkenylcyclohexanes  (rnethylene,  vinyl  and  allylcyclohexar-fcs)  lesembled  file  alkenyl- 
cyclopentares,  and  isomerized  by  the  rearrange me nt  of  the  double  bond  from  the  side  cb^in  into  the  ring  on  passing 
them  over  chromic  oxide  on  aluminum  oxide  at  250*.  to  form  tlie  corresrondlrg  1-alkylcyclobexenes-l  as  me  main 
prc-duci>;  Tie  l-alkylcyclohexenes-l  formed  rearranged  partially  into  the  l-alkylcyclohexenes-2  (with  possible  con- 
taminatic«n.  of  1-alkylcyclohexenes-C)  under  these  conditiwis. 

4.  It  was  sliown  that  l^lkylcycloalkenes-2  (l'<thylcyclopentene-2  and  l-ethylcytlohexene-2)  were  isomerized 
on  passing  them  over  chromic  oxide  on  aluminum  oxide  at  250*  by  AOSQfJt  into  l-aklylcycloalkenes-l  (1-cthylcyclo- 
ptr.tene-1  and  l-ethylcyclohexene-l.  respectively);  the  double  bond  migrated  from  the  to  the  alkylated  carbon 
atom. 

5.  It  was  shown  that  l-alkylcyclopeatenes-l  and  l-alkylcyclohexenes-l  were  considerably  more  stable  to 
isonterizing  action  of  the  contact  caulyst,  chromic  oxide  or.  alumiitum  oxide  (at  250*),  than  the  Isomeric  1-ak- 
>lcycloalkenes-2. 

6.  it  was  shown  that  l-«lkylcyclobexenes  with  different  position  for  the  double  Dcrid  In  the  rbg.  formed 
during  the  isomerization  (over  chromic  oxide  on  aluminum  oxide  at  250*)  of  all  ot  the  iv.estiga'cd  sL<  membered 
cyclic  hyd roc arnors.  underwent  a  small  degree  of  irreversible  catalysis,  transforroir^  ir.to  a  mixture  of  tt-e  cor- 
resportdLng  alkyibcnzene  ar.d-alkylcyclohexane. 
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REACTIONS  OF  ALDEHYDES  AND  KETONES  WITH  ACETIC  ANHYDRIDE 

a  PREPARATION  OF  ENOL  ACETATES  AND  DIACETATES  OF  THE  HYDRATED  FORNl 
OF  44.IETHYL-  AND  4-TERT-BUTYLCYCLOHEXANONE 

I.  V.  Machinskaya 


In  the  previous  communication  [11  it  was  shown  that,  by  the  action  of  acetic  anhydride  on  cyclohexanone 
in  the  presence  of  small  amounts  of  sulfuric  acid  and  at  room  temperature,  the  formation  of  cj’clohexanone  enol 
acetate,  as  well  as  the  diacetate  of  the  dihydrated  form  of  cyclohexanone,  occurred.  During  the  Lnvestlgatlon, 
e  xperimental  rerults  were  obtained  which  led  to  the  conclusion  that  the  formatior’  of  the  enol  acetate  of  cyclo¬ 
hexanone  occurred  by  means  of  an  intermediate  stage  of  the  formation  of  the  diacetyl  compound  which  decom* 
posed  into  acetic  acid  and  the  enol  acetate  under  the  reaction  conditions.  The  aim  of  the  present  study  was  to 
investigate  the  reactionof  acetic  anhydride  with  homologs  of  cyclohexanone  under  these  conditions  4-roethyl- 
and  4-tert.-hulylcyclohexanone. 

The  reaction  between  4-methylcyclohexanone  and  acetic  anhydride  was  previously  stjdled  by  Mjmnlch  ^ 
and  Hanen  p]  who  conducted  Itin  the  presence  of  sodium  acetate  and  obtained  4-raethylcyclohexenyl-Ai  acetate.. 
This  compound  was  also  obtained  ny  Crig.'urd  a.nd  Mingasson  [?]  by  the  partial  hydrogenation  of  p-cresol  and  the 
siib.>equent  Intrcduction  of  the  reaction  product  into  a  boiling  mixture  of  acetic  anhydride  and  sodium  acetate. 

It  was  shor-n  that,  by  the  i-eactlon  of  cyclohexanone  with  acetic  anhydride  in  the  p-csence  of  a  small 
amount  of  sulfuric  acid  at  room  temperature  for  42  hours,  main  reaction 
product  was  also  4-rriethylcyclohextrjyl-^-acctat<I). 


*  *  •  V  .  ■  *■  After  a  42-hiour  reaction,  the  yield  of  tlie  crude  product  with  b.p.  50-60* 

(D  at  3  mm  was  about  70^  of  the  theoreticaU 

With  a  shorter  reaction  of  4'raeihylcyclohexanone  with  acetic  anhydride  (9  hours)  Ln  the  presence  of 
HjSO^,  in  add u ion  to  4-methylcyclohe.xenyI  acetate,  an  oily  substance  witKan  ethereal  odor,  b.p.  90-90.5*  at 
3  mm,  was  obtained.  The  results  of  the  elemenury  analysis  corresponded  to  the  formula  CxiHu04.  which  Is 
that  of  4-methylcyclohexylidene  dlacetate,  previously  unreported  in  the  CH.-CH. 

literature  (II).  Tne  molecular  refraction  and  saponification  number  up-  -CK^  '^OCOCH|)t 


literature  (II).  Tne  molecular  refraction  and  saponification  number  up¬ 
held  this  formula. 


\  / 
CH,-CH, 


^OCOCH|)|. 


'CHj-CH, 


XOCOCH, 


As  a  result  of  the  reaction  of  4-tert-butylcyclohexanone  with 
acetic  anliydride  In  the  presence  of  small  quantltites  of  sulfuric  acid 

at  room  tenipcrature  for  9  days,  two  substances  were  obtained:  1)  anoilyi^oducl  with  b.p.  87*  at  3  mm.  The 

elementary  analytical  results  corresponded  to  the  formula  CgHj^Pi,  which 

/r-w  >  w-u  ***  4-tert.-butylcyclohexenyl-A£ -acetate  (III). 

"  v»rl  ^COCOCrlj 

'CHj-CH,  The  molecular  refraction  and  saponification  numbei  of  the  pn^duct 

obtibied  also  corresponded  to  the  calculated  fer  this  compou-od. 

5.)  A  colorless  crystalline  product  with  an  ro.p.  48-50*,  which  gave  a  considerable  depression  in  m.p.  when 
mixed  v/iih  the  starting  substance.  The  results  of  the  elementary  analysis  and  the  saponification  number  of  the 
comnovmd  obtai.''ed  showed  that  it  was  the  diacetate  of  the  hydrated  form  of  4-tert.“butylcyclohexai»opc,  4-tert.- 
butylcyclohexylidenc  diacetate  (IV). 

4-Tert.-butylcyclo.hexcnyl-Ai-acetate  and  4-tert.-butylcyclohexyliderie  dlaceutc  have  not  been  reported 
In  the  literature.  . 


On  the  basis  of  the  results  obtained,  it  can  be  concluded  (CHj)/r-<^H^ 

tfut  4-methyl- and  4-tert.-butylcyclohexanone  reacted  with  acetic  CHj^CHg 

a.nhydrlde  in  the  presence  of  sulfuric  acid,  analogously  to  cyclo- 
h>£xanone,  to  give  the  enol  acetate  and  diacetyl  derivative  of 

tlie  hydrated  form  of  the  ke»ne  witii  a  short  reaction  period:  with  a  prolonged  reaction  time,  the  dUcetyi  compour^l 


,C(OCOCH,)t. 


'chj-ch; 


wa*  not  obtainwi.  only  the  enol  acetate  formed.  U  it  is  assumed  that,  ir;  ±e  given  case,  as  ir»  the  case  of  cyclo 
hexanorse,  the  reaction  proceeds  by  means  of  the  intermediate  formation  of  the  dUcetate.  it  can  be  concluded 
that  the  preserre  of  a  methyl  group  in  position  4  of  tf.e  cyclohexanone  ring,  accelerates  the  reaction  of  the 
TrarsformatLc:;  of  the  dlacetate  into  the  enol  acetate.  Thus,  in  the  case  of  the  imsubstituted  cyclohexanone,  the 
diacetate  arid  moaoacetate  were  obtained  after  24  hours  of  reaction;  with  4-roethylcyclohexanone,  only  the  mono¬ 
acetate  was  obtained  with  this  reaction  time,  fti  the  other  hand,  the  presence  of  the  4-tert. -butyl  group,  evidently, 
has  a  decelerating  effect  on  the  decomposition  of  tiie  diacetate.  Tnus,  in  the  case  of  the  mtsubstinited  cyclo¬ 
hexanones.  by  prolonging  trie  reaction  for  9  days,  the  corresponding  diacetate  could  not  be  isolated;  vrtth  tert.- 
but>lcycIonexanone.  a  small  amount  of  the  diacetatc  was  obtained  for  same  reaction  time. 

The  great  instabuity  of  the  products  of  me  addition  of  acetic  aimydride  to  4-meth.yl  and  4-tert,-butylcyclo- 
hexapone  must  be  mentioned;  they  decorrpose  vdth  the  formation  of  lower  boiling  products  upon  vacuum  dlstilia- 
tior  at  press*.res  g.*ea:er  4-5  mm.  as  well  as  upon  the  distillation  of  large  amounts  even  at  pressures  of  3  mm. 

In  reiaticn  to  the  enol  acetate  of  cyclohe«a''or:e.  as  well  as  those  of  Its  homologs,  it  must  be  mentioned  that  they 
distill  at  a  wL-e  temperarure  interval,  possibly,  because  tl^ey  are  mlxtaiei  of  cii  ard  trans  isomers. 

EXPERIMENTAL 

The  stsrir.g  ke*or.e«.  4-methvI-  atd  4-tert,  bitylcyclohexano'se  were  obtaLred  f’-om  the  concspondlng 
4 -alkylcjclc hexane's  by  oxidatian  with  chromic  rcixtuie;  4-meti:ylcyclo.hcxanone  was  purified  by  the  preparation 
of  the  bisulfite  compound.  The  yield  of  4-roeihylcyclohexanoae,  purified  by  means  of  the  bisulfite  compound,  was 
59‘faoi  the  chfccreticai  calculated  on  the  alcohol  reacted;  the  yield  of  4-teit.-bi;tylcyclonexanone  was  60^  of  tnc 
theo.-etlca!. 

I  Reaction  cf  4  Metr.yloc^ohexanone  with  Acetic  A~hydride.  0.32  ml  of  cor»centrated  sulfuric  acid  was 
added  rapid-y  drspwi^e  to  a  mixture  of  44.4  g  (0.4  mole)  of  4  •roethylcyclohexantyne  (b.  p.  167-170")  and  124  g 
(L2  moles;  cf  acetic  anhydride  (b.  p.  137-140").  A  sporiianeous  heating  ‘  f*  to  32*CKcurred,  the  reaction  mLxture 
gradually  acq:^ed  a  red  brown  color.  After  9  hours  of  standing  at  room  temperature,  tne  reaction  mixture  was 
treated  wl*  a  mixture  cf  ke  and  water  to  decompose  the  urreacted  acetic  a»'iydride  u'’til  the  lower  cily  layer 
did  no:  float  up.  Tne  reaction  product  was  extracted  with  ether.  Trie  water  layer  was  neatraiized  with  sodium 
carDonate  atd  oace  more  extracted  with  ether,  the  combined  ether  cxiracts  were  washed  with  10^  sodium  carbonate 
solution.  The  ur.*eacted  ketone  was  extracted  from  the  ether  solution  with  bisulfite;  weigf  t  of  the  bisulfite  compound, 
44.5  g,  which  corresponds  to  23  g  of  methylcyclohexanone.  After  washing  the  ether  extract  with  sodium  carbonate 
solution  and  water.  It  was  dried  with  sodium  sulfate  and  the  ether  removed.  Hie  residue  was  vacuum  distilled  several 
rimes;  two  substances  were  isolated. 

1)  Ar.  oily  product  (5  g)  wltii  a  weak  ethereal  odor:  b.  p.  191-193*,b.  p.  53-56"  at  3  mm;  Pq  1.4520: 
d**  0.9797;  XIRq  42.46:  calculated fc: methylcyclohex^nyl  acetate,  42.75. 

Found  c  69.44;  h  9.46;  saponification  ramber  356.  C,H^O^.  Calculated  C  70.90;  H  9.15,  saponifica¬ 
tion  number  364. 

2)  A  small  amount  of  ar  oilyproduct  with  a  b.  p.  90-90.5"  at  3  mm;  p“  1.4443,  d**  1.05179,  MRp  54.14; 
calc,  for  methylcyclohexylidene  aiacetatc.  54.11. 

Found  5s.  C  61.3,  61.71,  61.36:  H  8.61,  8.9,  8.67;  sapoiaficatior.  number  512. CiiHigO*.  Calculated  5^: 

C  6t.e5:  H  8.49.  saponification  number  524. 

IL  teactm-  of  4-Tert.  -  butyl  eye  lohexanone  with  Acetic  Anhydride.  0.16  ml  of  sulfuric  acid  was  added  to 
a  soluuon  ct  S'j.S  g  (0.2  mcle)  of  4-tert,  -  butylcyclohexanone  (m.  p.  49")  in  €2  g  (0.6  mole  )  ot  acetic  anhydride 
(b.  p.  137-140").  A  sirall  amount  of  heat  was  evolved  sponta-neously;  the  mixture  gradually  became  a  red  brown 
color.  After  9  days  c  standing  at  roo.m  temperature,  the  mixture  waa  treated  as  in  experiment  L  The  treatment 
with  bisulfite  was  not  done  smee  4-tert  -bctylcyclohexaixme  In  ether  solution  did  not  give  a  crystalline  condensa¬ 
tion  product  with  bisulfite. 

After  many  vacuum  distillations  of  the  residue,  after  the  removal  of  the  solvent,  two  products  were  isola¬ 
ted:  1)  a  Iu,aid  with  MS.  ethereal  odor,  b.  p.  87"  at  3  mm;  L464.1;  d**  C.9593:  MRq  56.47:  calc,  for  tert  * 
butylcycloLexeayl  acetate.  56.60. 

Foo-’-d  C  73.55.  73.40;  H  10.46.  10.64:  sapor.lfication  ruimber  273.  CttH^O^.  Calculated  5.:  C  73.42: 

H  10.27;  saporifkarioT'  ."jumber  286. 


2)  The  second  product  h&d  i  b.  p.  113*115*  At  3  nitpi  on  stAnding  crystals  separated  which,  after 
recrystallization  from  slightly  waimea  ethyl  alcohtd.  had  a  nj.  p.  43-51*.  A  mixed  melting  point  with  the 
.  tanLTg  ketone  gave  a  large  depression. 


Found‘d:  C  66.17;  H  9.73;  saponification  number  428.  Ci4H,4P4.  Calculated  V-  C  65.60.  H  9.44; 

saponification  number  438. 

SUMMARY 

The  reaction  of  4-inethyl  and  4-tert.-butylcyclobexaT»ne  with  acetic  anhydride  in  the  presence  of 
a  small  amount  of  sulfuric  acid  was  studied  at  room  temperatures,  it  was  found  that,  with  a  short  reaction 
time  of  these  cyclohexanone  ho.mologs  with  acetic  anhydride,  the  corresponding  enol  acetates^  in  addition 
to  the  diacetates  of  the  hydrated  ferm  of  the  ketone  were  obuined:  on  more  prolonged  reaction,  the 
dlacetate  compound  was  net  obtained*,  only  ±e  enol  aceute  was  formed. 

4”tert.  -butylcyclohexanone  enol  aceute.  4-tert.  -butylcyclohexcnyl- Aj-aceute,  as  well  as  the 
diacetate  of  the  hydrated  forms  of  both  ketones. 4-roethylcyclohexylideae  dUceute,  and  4^rtlary- 
butylcyclohexylidene  diaceute  have  ixji  been  cescrlbcd  in  the  literature. 
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THE  QUESTION-  OF  METHODS  FOR  THE  DETERMINATION  OF  THE  STRUCTURE 
OP  TERTIAR'J  ACETYLENIC  ALCOHOLS  AND  y-ACETYLEMC  GLYCOLS 

A  1  Lebedeva  and  T  A,  Mishnina 

In  sri«^  cf  ..;e  large  number  of  papers  on  the  question  of  the  determipation  of  the  structure  of  acetylenic 
compounds,  up  to  now  there  is  no  convenient  and  successful  method  which  can  be  used  to  characterize  this  class 
of  hydroxy  derivatives  of  acetylene  0..idaiion  and  ozonation  .n-ihc'J;  are  frv .’.iciitly  employed  ;o  determine  the 
'truv^turc  of  un  a^urat.d  co.:ipv>un'J;.  o.'cidaiion  Oi  the  ut.ci;,Ienic  compounds  crdinailly  bein^,  used,  li!;c  the 
oxidation  o.  compound^  of  the  cihyKnc  scries  However,  even  E  E  Wagrxsr  [1]  stated  that  variations  in 

this  scheme  were  possible,  which  were  suggested  and  confirmed  by  a  subsequent  scrlci  of  investigations. 

From  the  large  amount  of  papers  on  the  oxidation  of  acetylenic  alcohols  and  glycols  by  aqueous  solutions 
of  potassium  permanganate  the  following  conclusions  v^'ere  drawn  that  hydroxy  ficidi  arc  always  formed  initially, 
which  are  then  further  oxidized,  as  a  result  of  which  the  yield  of  these  substances  diminishes  greatly,  and  even 
becomes  zero.  However,  such  a  conclusion  is  rot,  apparently,  completely  coirect  1*  inu?t  be  rcmemberi  d  that, 
alcng'ide  the  oxidation  of  the  pri.nary  reaction  products”  the  hydroxy  acids”  the  yiild  of  the  laticr  i'  alx  dc- 
creaxd  as  ’.he  r^mli  cf  ihi  parallel  cxidation  prcccrsc:  sc  that  no  hydroxy  acids  are  jvoduced  at  all 

Dupont  [2]  first  showed  that,  upon  tfie  oxidation  of  acetylenic  y-glyxols  by  an  aqueous  potassium  per¬ 
manganate  solution,  the  reaction  can  proceed  sunultaneously  in  two  directions. 

R(R4)C0H”C==C”C0H(R|)R  2KMn04  ^  2rqP.i)COH-COOH  (I) 

2RCORi  ♦  HOOe-COOH  (II) 

The  second  direction,  as  Du  Pont  showed,  sometimes  predominates  For  this  reason,  in  order  to  increase 
the  yields  of  the  hydroxy  acid,  he  proposed  that  the  ethers  or  esters  of  the  glycol  be  oxidized.  Krestinsky  [3] 
investigated  the  oxidation  of  tetramethylbaty!idiol  by  potassiu.n  permanganate  in  detail  and  confirmed  Du  f\>nt’s 
results.  Later  Lvov  and  co-workers  [4]  studied  the  decomposition  of  tetramethylbutvnJiol  with  various  oxidizing 
agents  in  order  to  increase  the  yield  of  the  a -hydroxy  isobutyric  acid  and  came  to  the  conclusion  that  the  primary 
reaction  product  is  o-hydroxyisobutyric  acid  alone  which  partly  oxidizes  during  the  conditions  of  the  experiment, 
forming  acetone  and  carbon  dioxide 

During  attempts  to  find  a  more  successful  method  for  tlie  structure  determination  of  acetylenic  alcohols, 
glycols,  and  diace tylenic  glycols,  the  solution  of  the  problem  of  whether  Ketones  and  oxalic  acid  are  formed  as 
a  result  of  a  secondary  reaction,  as  sug,gested  by  many  invesagators,  or  by  means  of  the  oxidation  occurring  in 
two  directions  as  suggested  by  Du  Pont,  was  attempted  in  addition  an  at’empt  was  made  to  see  whether  or  not 
there  was  a  deli’^v.  relationship  between  the  structure  of  the  compound  used  and  the  direction  of  the  reaction. 

As  starting  materials,  acetylenic  alcohols  ol  the  general  formula  R(Rj)COH  — C —CH  and  y-acetylenic  glycols 
of  the  general  formula: 

R(^)T?S'.\-C  »C-COH(Ri)R 

were  used.  "  "  . 

1.1  both  ca.ses,  a  hydroxy  acid  should  be  formed  by  tlie  oxidation  by  means  of  the  first  —heme.  If  this 
hydroxy  acid  would  be  oxidized  further,  then,  independent  of  the  fact  that  acetylenic  alcohols  c  tht-'orresponding 
dtctylcnic  .  lycoP,  w.  re  being  uvd.  the  amount  of  the  hydroxy  acid  formed  during  tl»e  oxiw!ation  diould  ’k*  ^yy^oxi- 
mattly  the  same  in  both  cases. 

However,  as  is  apparent  from  Table  1.  upon  the  oxidation  of  dimeihylacetylcnylcarbinol  an  insignifi¬ 
cant  amount  of  acetone  was  obtained,  and  not  even  a  trace  of  oxalic  acid  could  be  detected  qualitatively.  The 
or-hydro,:yisobutyric  acid  yield  was  SCKJbof  the  theoretical,  whereas  Krestinsky  obtained  a  Large  amount  of  acetone. 
63^0  of  oxalic  acid,  and  IS^Jt  of  a-hydroxyisobut>Tic  acid.  Lvov  and  co-workers  tried  by  every  means  to  increase 
the  yield  of  a-hydroxy isobutyric  acid  during  the  oxidation  of  tetiameihylbutyndiol,  but  were  not  successful.  If  it 


is  assumed  :ha:  the  primar>’  reaction  product  in  boti>  case:  is  a  h>droxy:sobutNTic  acid,  then  it  becomes  in- 
compreheTsible  wh>  it  docs  not  cudeefurther  in  the  case  of  dimeihylacetylenyl  carbmol.  whereas  with 
tetrameihylbutsmd'ol  it  does.  •  Tliis  §;ame  pnenome^o'  was  fou-'d  with  the  followh.b  pairs  of  compounds 
investigated :  namely,  dur.r'g  the  oxicatiori  of  methyl -p  tolylacerylenylcarbi'X)!  only  2.6*79  of  oxalic  acid 
and  27.079  0^  p-toiyilsctjc  acid  were  isolated.'  Upon  the  oxidation  of  symm.-dLmethyldi-p-iolylbutynJiol, 

ISvo  of  oxalic  acid  ani.  about  If-Tiof  p  tolyllactic  acid  were  obtained.  From  the  Table  it  is  apparent  that 
the  maul  reaction  dueciicn  io:  tertiary  acetyleriic  alcohols  is  usually  the  first,  while  for  acetylenic  y-glycols, 
the  reaction  direction  depends  mainly  on  the  structure  of  the  glycols  oxidized,  h  is  difficult  to  compare 
these  results  with  those  obtained  by  Krestinsky,  but  in  the  case  of  the  glycols  oxidized  fay  the  authors,  it  can 
be  stated  that  the  yield  of  the  products  formed  by  the  oxidation  according  to  the  second  scheme,  evidently, 
increased  with  increase  in  the  molecular  weight  of  the  radicals,  and  especially  upon  going  from  alii^tic 
radicals  to  aromatic. 

Therefore,  if  a  necessity  for  structure  determination  of  hydroxy  derivatives  of  acetylene  by  means 
of  oxidation  with  potassium  permanganate  in  aqueous  or  acetone  solution  arises,  then  such  a  determination 
can  be  recommended  only  for  acetylenic  alcohols,  and  Tbc*  only  with  a  quantitative  separation  of  the  neutral 
and  acidic  products.  The  method  is  not  very  applicable  to  the  determination  of  the  structure  of  diacetylenic 
glycols  of  the  general  formula: 

R(RJC0H -C  =C -C=C-C0.4(RJR. 

EXPERIMENTAL 

In  all  experunenis  on  oxidations,  attempts  were  made  tb  stay  within  the  conditions  given  by  Du  Bont. 
For  the  oxidation  of  symrr,  dimethyl-p-toljlcutyndiol  and  tetra  p-tolylbut^-ndiol.  acetone  instead  of  water  was 
used  as  the  solvent  because  these  compounds  did  nor  react  with  potassium  permanganate  in  water. 


Oxidations  with  Potassium  Permanganate  in  Water.  The  quantity  of  tl:e  substance  show.n  in  Table  1 
was  used  for  each  experiment.  The  compound  to  be  oxidized  was  dissolved,  or  stured  strongly  until  it  was 
emulsified,  in  one  hundred  volumes  of  water.  To  tfie  solution  or  emulsion  so  obtained,  cooled  externally  by 
water  and  ice  and  mixed  efficiently,  the  calculated  amount  of  finely  pulverized  potassium  permanganate  was 
added  slowly  in  small  portions  All  of  the  potassium  permanganate  was  added  within  several  hours.  The 
solution  was  left  to  stand  overnight,  the  manganese  dioxide  was  filtered,  and  thoroughly  washed  several  times 
witfi  boiling  water.  The  wash  water  was  added  to  the  filtrate. 


For  oxidation  of  compounds  with  aliphatic  radicals,  die  neutral  products  were  stearn  distilled  into  a 
solution  of  p-nitrophenylhydrazine  acetate  For  oxidations  of  dimethylacctylenylcarbinol  and  dieihylacetyl- 
enylcarblnol,  such  small  precipitates  of  the  corresponding  p  nitrophenylhydrazones  were  obtained  that  It  was 
even  difficult  to  recrystallize  them.  For  the  oxidation  of  compounds  with  arylaliphatic  radicals  the  neutral 
products  were  extracted  with  ether.  A^tcr  the  removal  of  the  ether,  the  residue  was  distilled  or  crystallized 
and  then  identified. 


The  characteristic  neutral  produce  and  the 


lie  given  in  Table  2. 


••••e  iclusz.T  rtiiia'ujfng  after  the  removal  of  the  neutral  products  was  evaporated  to  a  small  volume, 
and  acidified  with  the  calculated  amount  of  sulfuric  acid  (1:1).  The  hydroxy  acids  were  extracted  by  hand 
with  ether,  and  after  the  re.moval  of  the  ether,  were  recrysulhzed  or  distilled. 


O’Hydroxyisobutyric  acid  was  recr> stall ized  from  berizene,  ot  fiydroxyctliylacetic  acid  was  purified 
by  distillation,  p-Tolyllactlc  acid  lecry'sullized  from  a  mixture  of  petroleum  ether  and  oenzene,  had  a 
m.  p.  107-1C8*  in  the  literature  reference,  a  m  p.  101-102*  [5]  and  102*104*  [C]  was  found  for  p  tolyllactic 
acid,  for  this  reason  tlie  equivalent  for  the  acid  obtained  was  determined  and  ar  analysis  was  made  of  the 
silver  salt  for  the  percent  silver,  the  results  given  in  Table  3.  correspond  to  those  for  p-tolyllactlc  acid. 

The  acidic  solution  remaining  after  extraction  by  hand,  was  extracted  co.ntinuously  for  a  prolonged 
time  (about  a  week)  in  a  percolator  with  ether.  From  the  mixture  obtained  after  the  extraction,  consisting 
of  a  s.Tiail  amount  of  a  hydroxy  acid  and  oxalic  acid,  the  oxalic  acid  was  precipiuted  m  the  form  of  the 
calcium  salt*. 


^idations  vnth  Potassium  Permanganate  in  Acetore.  Tne  amount  of  the  substance  used  is  given  in 
Table  1.  The  compound  to  be  oxidized  was  dissolved  in  25  parts  by  weight  of  acetone,  and  the  calcuiaicd 
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TABLE  1 


Expt.j 

Amount 

Neutral  products 

'  Hydroxy  acids  obtained 

Ajnc’ic:  of  j 

No. 

of  com- 

obtaLned  after 

after  the  oxidation 

cxaldc  acid  ! 

Name  of  Cemp-ound  pound 

oxidation 

! 

Notes 

used  for 

1 

1 

1 

• 

/  i 

oxidation 

(g)  : 

,  (‘fi) 

■  (g) 

('^) 

'x  ; 

i  (P) 

j 

i 

1 

Alcohols 

R(Rl)COH  -C  =CH 
(general  formula) 

*  Dimethylacetylenyl- 
carbinol 
R  =  Rf=CH, 

Diethylacetylenyl- 

carbiiK)! 

R-R,-C,H, 


Methyl-p-tolylacetyl-  *  6 
enylcarbinol  | 

R  =CH,:  Rj  -C,H7-n  * 


Gl>'cols 


,COH  -C=C- 


<^OH 


'I  R, 

(general  formula) 


IS 


Tetramethylbutytxliol* 

:r^Ri-r,-r,-ch, 

I  i 

Symm.-dimethyl-p-  I  9 

,  tolylbutyndiol  | 

:R^R,-CH,  ‘ 

•  -  — 


6  I  Tetra-p-tolylbutyndiol  i  8 
I  R  “  Rj  —  —  Rj  ■“C'jH'j'fi, 


Acetone  — 
traces 


,  Die  thy  Ike  tone 
!  traces 


Methyl-pHolyl 
ketone 
1.1  21.6 


!  • 

o-Hydroxyisobutyric  Jictae  None  ' 
5.0  80.8  f  : 

^  i 

• 

a-Kydroxyethylacecc  C.ilS  -  4.0 

5.0  53.0  \ 


C.C5-  2.6  . 

! 


p-Tolylacetic 
2.5  37.0 


Ace  tone -not 
found 

Methyl -p-iolyl 
ketone 

Q  C 


Di-f)-tolyl 
ketone 
3.2  59.7 


'  f 

o -Hy  d  ro  X  yi  scbut/ric 
4.0  18.1  * 

I 

p-Tolyllactic  i 

1.3  15.9 

I 


;.3i 


C3.1 

15.3 


Di-p-tolylglycolic 

0.8  12.2 


28.4 


The  oxidation  was 
conducted  in  ace> 

1 

2.3  g  of  the  start¬ 
ing  glycol  was  re¬ 
covered. 

2.3  g  of  the  start¬ 
ing  glycol  was  re¬ 
covered. 

The  oxidation  was 
conducted  in  ace¬ 
tone. 


•  The  oxidation  of  tetramethylburynotol  was  conducted  by  V.  N.  Krestinsiry  CSX 
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amount  of  finely 
pulverized  potassium 
permanganate  vas 
added  gradually  in 
small  portions  vith 
exterrul  cooling  by 
ice  and  water,  and 
with  efficient  mixing. 
Oi  the  following  day. 
the  acetone  solution 
was  filtered  from  the 
manganese  dioxide. 

The  laner  was 
washed  several  times 
with  acetone  and  the 
wash  acetone  was 
combined  with  the 
main  solution.  In 
the  case  of  symmr 
d  l-p-tolylbuty  nd  iol, 
the  substance  was 
distilled  at  92-94* 

(7  mm)  after  the 
removal  of  the 
acetone.  The  pmduct 
gave  a  precipitate  with 

of  semicarbazide. 

The  semicarbazone  had  a  m.p.  204-205*  which  corresponded  to  the  melting  point  of  methyl  p-tolyl  ketone  semi- 
carbazone.  The  crystalline  residue  in  the  flask  was  found  to  be  the  starting  dimethyl-p-tolylbutyndiol.  In  the 
case  of  tetra-p-tolylbut>-ndiol.  after  the  removal  of  the  acetone,  in  the  flask  there  remained  a  substance  with 
m.p.  77-87*.  After  many  recrystallizations  from  alcohol,  one  product  with  m.p.  94-96*.  which  did  not  give  a 
depression  with  di-p-tolyl  ketone,  and  another  product  with  m.p.  153-154*.  not  giving  a  depression  with 
tetra-p-tolylbutj-ndiol.  were  obtained.  In  order  to  determine  the  amount  of  ketone  and  starting  glycol,  the 
mixture  of  the  neutral  products  was  catalytically  hydrogenated  in  the  presence  of  platinum.  Only  450t  of 
hydrogen  was  combined  (if  it  is  considered  that  the  entire  mixture  was  the  starting  acetylenic  glycol).  In 
this  way  it  was  possible  to  determine  the  amount  of  di-p-iolylbutyndlol  in  the  mixture  of  neutral  products 
obtained. 

For  the  separation  of  die  acidic  products,  the  manganese  dioxide  residue  was  boiled  with  water  and 
filtered.  The  filtrate  was  evaporated  to  a  small  volume,  and  acidified  with  the  calculated  amount  of  sulfuric 
acid;  the  acidic  products  were  then  processed  in  the  same  manner  as  for  the  oxidation  with  an  aqueous  solution 
of  potassium  permanganate.  The  acid  obtained  by  the  oxidation  of  tetra-p-tolylbutyndiol,  di-p-tolylglycoUc 
acid,  melted  at  129-130*.  after  recrystallization  from  v^ter.  An  m.p.  135*  [7]  is  given  for  this  acid,  for  this 
reason  the  equivalent  of  the  acid  obtained  was  determined,  and  an  analysis  of  its  silver  salt  was  made:  the 
results,  given  in  Table  3,  corresponded  to  those  for  di-p-iolylglycolic  acid. 

SUMMARY 

1.  Upon  the  oxidation  of  tertiary  aliphatic  acetylenic  alcohols  of  the  general  formula  R(Rj)COH-C"-CH 
by  aqueous  potassium  permanganate  solutions,  a -hydroxy  acids  were  formed  mainly,  in  addition  to  small  amounts 
of  the  ketone,  and  oxalic  acid.  The  method  can  be  used  for  structure  determination  of  such  alcohols,  and  for 

the  synthesis  of  their  a -hydroxy  acids. 

2.  During  the  oxidation  of  di  tertiary  acetylenic  glycols  with  potassium  permanganate  in  water  or  acetone 
soluUon.  the  reaction  proceeds  in  the  direction  of  the  formation  of  hydroxy  acids,  as  well  as  in  the  direction  of  the 


TABLE  2 


Expt. 
No.  j 

Name  of  compound 

1  Te.TipetaTure  i 

Derivatives 

KLp.  of  the 

Soiling  1 

Melting 

obuined 

derivatives 

obtained 

( 

1 

i 

I 

*  Acetone . 

i 

1 

1  **  * 

i 

1 

- 

p-Nitrophenyl- 

hydrazone 

146-147* 

1 

2  ' 
^  1 

i 

1  i 

1  Diethylketone . 

i 

- 

— 

p-Nitrophenyl- 

hydrazone 

139-141 

1 

3 

j 

1 

'  Methyl-p-tolyl 
'  ketone . 

92-94*  (7  mm) 

i 

— 

Semicarbazone 

204-205 

«  ! 

1  Di-p-tolyl  ketone . .  . 

— 

94-9G* 

1 

* 

TABLE  3 


Expt.  \  Name  of  compound 

NO.  j 

Melting 

point 

1  Acid  ecuivalent  I 

1  Analysis  of 
silver  salt 

silver 

Found  Calc. 

j  Found 

1  1 

Calc. 

I 

1  a-H>'droxycthylacetic 

ac*d . 

2  i  p-Tolyllacdc . 

3  ^  Di-p-tolyJglycolic 

73-75* 

107-108 

129-130 

i 

180.5 

256.6 

1 

i 

180.1 
256.3 
-•  - - 

i 

J 

37.61  !  37.58 
29.92  j  29.78 
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formation  of  ketones  and  oxalic  acid.  i.e.  these  ^xoducts  ax  formed  which  should  be  obtained  during  the  oxidation 
of  diteruary  dUcer>'Ienic  gl>xols  The  yields  of  these  products  depend  onthe  character  of  the  radicals  entering 
i'to  »he  com  position  of  tnc  giver,  glycol,  for  this  reason  method  can'XJt  be  recommended  for  structure  deter¬ 
mination  of  aceiyle'ic  and  diacetyle^ic  glycols,  nor  fo:  tne  sv-nthesis  cf  the  corresponding  hydroxy  acids  from  the 
acetylenic  glycols. 
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DERIVATIVES  OF  ACFTYLEN'E.  153. 

DIENTC  CONDENSATION  OF  1-VINYL-A‘  CYCLOHEXENE  WITH  METHACRYLIC  ACID,  METHYL  METHACRYLATE. 
ACROLEIN  6. 5-DIMETHYLDI\'INYL  KETONE  AND  CROTONIC  ACID 


I.  N.  Nazarov  and  T.  D.  Nagibina 


In  spite  of  the  large  number  of  papers  on  the  imdy  of  the  dienic  reaction  syntheses,  the  question  of  the 
structure  of  the  condensation  products  of  a. 6 -substituted  dienes  and  asymm.  derivatives  of  ethylene  has  scarcely 
been  investigated  up  to  now.  It  is  known  that  a -substituted  dienes  form  the  so-called 'Noriho"  substituted  cyclo¬ 
hexenes  (I)  [1.2. 3.4]  upon  reaction  with  asymm.  dienophiles: 


CH, 

// 

CH 

{ 

CH 

\\ 

CHX 


CH, 


CHY 


X  (I) 


X  =  CHj.  CN.  COOH.  COOR.  COCl.  C,H,.  OCOCH,: 

Y  =  CHO;  COCHjN.  COOH.  COCl.  CH  =  CH, 

The  analogous  condensation  with  B -substituted  dienes  gives  the  "para"  substituted  cyclohexenes  (II) 
[5.6.7]  mainly: 

CH,  Y 

(TY 

-  II  — ^  1 J 

Cn  /\/ 


CH 


X-C 


V 


CH, 


(U) 


X  =  Cl.  CH,.  COOR.  OCH,.  C,H^:  /CH,  / 


OCHO 


Y  =  CHO.  COOH.  COCH,.  COCH=C. 


\ 


CH, 


CH, 


It  was  of  great  interest  also  to  study  the  order  of  addition  of  asymm.  dienophiles  to  a. 6 -substituted  dienes. 
The  cyclic  dienes  of  the  type  1-vinyl-A*  cyclohexene.  1-vlnylnaphthalene.  l-vinyl-3.4-dihydronaphthalene.  and 
l-vinyl-A*octaUn  can  be  assigned  to  the  latter  group.  Dienic  condensations  with  the  participation  of  cyclic 
dienes  of  the  type  i-Mnyl-3.4-dihydronaphthalene  and  1 -vinyl -A*  octal  in  are  also  of  considerable  Interest  because 
these  reactions  are  applied  for  the  synthesis  of  substances  related  to  the  steroids  [81  Recently,  it  was  shown  that 
only  1-substituted  acids  of  the  hydrophenaithrene  series  (IV)  [9]  are  formed  by  the  condensation  of  1-vinyl- 
«uphihaler«  with  a .6 -unsaturated  acids; 


CHR 


CHCOOH 


R  =  CH,.  C,H, 
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In  the  case  of  the  condensation  of  l-.ir.yir.aphthalene  with  fi-acetylacrylic  acid,  two  isomeric  acids  (V) 
and  (VI  )  are  formed  with  a  considerable  predommancc  of  acid  (V)  [10]. 

- COCH,  COOH 


CH=CH, 

1 

\ 

./  J 

♦ 

\ 

CH-COCH, 

1! 

CIi-CCXDH 


V  - CfXDH  ^^OCH, 

^  -u) 


(V)  (VI) 

•  Only  fte  anhydride  (\'II)  [11]  was  separated  from  the  reaction  of  1-vinylnaphthalcne  with  citraconlc 
anhydride: 

CH. 

c-co. 

*  II  > 

CH-CO 


The  formation  of  two  isomeric  anhydrides  (\'II1)  and  (IX)  [12]  occurred  during  the  condensation  of  1-vinyl- 


(VUI) 


(IX) 


In  the  previous  communication  [13]  it  was  shown  that  a  tricyclic  hetone  (X)  is  formed  by  the  condensation 
of  l-^  inyl-A*-c/clohexene  with  l,3-dimethyl-^‘-cyclopentene-6-one,  which  isomerized  partly  Into  the  ketone  (XO 
under  the  conditions  of  the  reaction: 


By  the  condensation  of  I'^inyln^ -cyclohexene  with  A* -cyclohexene  a  ketone  of  the  hydrophenanthrene 
series  containing  a  carbonyl  in  position  4  was  formed  [14]: 


As  it  was  shown  with  many  examples  In  the  authors*  laboratory,  vinyl  dienes  of  the  type  1-^ijiyl-A*- 
octalene  condense  in  the  same  way  as  a, B -unsaturated  bicyclic  ketones.  These  condensations  lead  to  the 
formation  of  unsaturated  steroidal  ketones  with  the  so-called  "inverted'  structure  (the  carbonyl  group  in  the 
steroidal  skeleton  is  found  in  position  15  and  twt  in  17  as  in  the  "normal*  steroids)  [15J' 
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{ 

CH, : 

■'i' 

R 

V  - 

}  CO 

R 

6^  ^  ^ 

CH, 

/  '  » 

:  1 

i.  . 
jeo 

R 

♦ 

* 

[  CO^ 

R 

V,  V 

R  =  H  or  CH, 


It  was  of  interest  to 
study  the  dienic  condensation  reaction 
of  1 -vinyl- a’- Cyclohexene  also  with 
the  simpler  asymm.  dienophiles, 
fo;  which  methacrylic  acid,  methyl 
methacrylate,  acrofcin,  fi.B-dixnethyl- 
divinyl  ketone,  and  croionic  acid  were 
chosen,  t  was  found  that  a  mixture  of 
acids  (XII)  and  (XIII)  were  formed  by 
heating  1-vinyl-  A*-cyclohexene  with 
roethacrylic  acid  at  135-140*  for  8 
hours.  By  the  dehydrogenation  of 
acid  (Xn)  with  Raney  Ni  in  benzene 
at  380-390*,  a -methylnaphthalene 
(XIV)  was  obtained: 


(Xn)  (XIII)  (XV)  (XIV) 

A  small  amount  of  naphthalene  was  detected  in  the  dehydrogenation  products  of  acids  (XII)  and  (XIII). 
which  was  formed  as  a  result  of  the  cleavage  of  the  methyl  group  as  well  as  the  carboxyl. 

In  spite  of  careful  search  of  the  dehvdrogenatlon  products.  2 -methylnaphthalene  could  not  be  isolated, 
and  therefore  the  conrhnsation  of  1-vinyl-df  -cyclohcxene  goes  only  in  one  direction  to  form  thecrystafine  acid 
(XII)  which  isomerizes  panly  by  the  rearrangement  of  the  double  bond  into  the  liquid  acid  (Xni).  A  mixture 
of  sTcreoisomeric  acids  of  the  decalin  series  is  formed  by  the  hydrogenation  of  acids  (XII)  and  (XIII)  over  Pt  and 
Pd  catalyst,  which  differ  in  the  configuration  at  the  1,  9,  and  10  carbon  atoms  (marked  by  the  large  dots).  This 
mixture  of  acids  was  not  subjected  to  separation  into  the  individual  isomers. 

By  heating  1-vinyl-  A*-cyclohexene  with  an  excess  of  methacrylic  acid,  a  neutral  product,  the  lactone 
(XVI)  was  formed  in  addition  to  the  acids  (XII)  and  (XIII).  which  gave  the  crysulline  hydroxyacid  (XVII)  by 
saperuficxion  with  sodium  methylate  (aqueous  and  alcoholic  alkali  do  not  saponify  it): 


(XIV)  (XVI)  (xvn) 

Lactone  (XVI)  is  dehydrogenated  with  considerably  more  difficulty;  in  comparison  to  acids  (XII)  and 
(XIII)  to  also  form  a -methylnaphthalene  (XIV). 

The  hydroxyacid  (XVII)  was  found  to  be  very  unstable*  upon  attempts  to  estcrify  it,  on  recrystalliza- 
tion  from  hot  alcohol,  even  when  standing  in  the  air" and  in  the  desiccator  over  calcium  chloride,  it  is 
transformed  into  the  starting  lactone.  Similar  cases  of  lactonization  of  unsaturated  cyclic  acids  have  been 
reported  in  the  literature  (16,17,18.191  The  structures  of  the  corresponding  lactones  were  not  stated  by 
these  authors. 


.  ecl 


By  the  direct  lac  conization  of  acid  (XII)  in  the  picxrxe  cf  methacrylic  acid,  lactone  (XVI)  could  not 
be  obtained  in  high  yield.  By  heating  acid  (XII)  »/iih  50^-  sulfuric  acid,  the  yield  of  lactone  (XV^  is  54/e. 
Similar  examples  of  easy  cyclization  of  f.^'-cnsaturared  cyclic  acids  into  the  corresponding  lactone  were 
recently  shown  in  the  au^rs'  laboratory  for  other  subjects. 


The  ester  (XVIII)  is  formed  by  the  condensation  of  l-vinyl  •A‘“Gyclonexene  with  methyl  methacrylate, 
which  gave  the  saturated  ester  (XK)  upon  hydrogenation  with,  Pd  catalyst: 


(XVUl)  (XIX) 


By  the  saponification  of  ester  (XVIII)  witii  alcoholic  alkali  a  mixture  of  acids  (XII)  and  (XIII)  was 
obtained,  while  upon  the  dehydrogenation  of  ester  (XViii)  with  palladium  on  charcoal  at  360*,  tt-methyl- 
naphthalene  (XIV)  it  obtained. 

The  condensation  of  1-vinyl- Z.*'cyclohexene  with  acrolein  also  occurs  in  the  same  fashion.  The 
unsaturated  aldehyde  (XX)  is  formed,  which  gives  the  saturated  aldehyde  (XXI)  upon  hydrogenation  in 
alcoholic  solution  over  a  Pt  catalyst,  while  the  cry’sialline  a-decalin  carboxylic  acid  (XXII)  with  m.p. 
142-.144*,  was  isolated  or.  the  oxidation  of  the  laner  with  hydrogen  peroxide; 


The  structure  of  aldehyde  (XX)  was  established  by  its  reduction  into  1-methyl-  A*-octalin  (XXII!) 
according  to  Clemmenson  which  gave  c-methyUiairfrthalene  (XIV)  upon  dehydrogenation  with  palladium 
on  carbon  at  370-380*: 


Upon  the  dehydrogenation  of  aldehyde  (XX)  under  the  same  conditions,  naphthalene  and  products  of 
more  intense  decomposition  are  formed.  The  conder.satlpn  of  l-vlnyl-A* cyclohexene  with  B.B-dimethyl- 
divinyl  ketone  was  also  effected  and  isobutenyl-a-A^-oculyl  ketone  (XXIV’)  was  formed,  which  on  hydrogena¬ 
tion  formed  isobutyl- e 'decalyl  ketone  (XXV): 


CI% 

II 

CHCOCH 


,CH, 


N:hj 
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Ketones  (XXIv)  And  (XX\)  could  not  be  reduced  by  the  QemmuDn  inethod,  and  were  dehydrogenated  with 
difficulty  with  selenium  and  palladium  cn  carbon.  Upon  the  dehydrogenation  of  these  ketones  in  order  to 
obtain  the  known  fl*fiaphthylisobutyi  Ketone,  a  fraction  was  obtained  which  was  close  in  composition  to  the 
co.'-responding  ketones  of  the  tetralia  series. 

2,2-Dirrei’yl-4'dirr(ethyi-^-v:nyl”o.6-«iihydropyi®.n  (XXVI)  [20] obtained  in  the  authors'  laboratory 
Iso  takes  part  in  a  dienic  condensation  with  6,d'dimethyldivinyl  ketone  terming  the  he«.arocyclic  ketone 
(XXVII)  which  formed  the  saturated  ketone  (XXV III)  by  hydrogenation  with  a  Pt  caulyst: 


(xxvn)  (xxviu) 


The  dienic  condensation  of  l•^’inyl•^*'Cyclohexene  with  crotonic  acid  leads  to  &e  formation  of  a 
mixture  of  a-aclds  of  the  hydronaphthilene  series  (XXIX): 


(XXIX) 


upon  the  debj-drogeaitlon  of  which,  with  Pd  on  carbon  (5^  Pd).fl-meihylniphtha;tae  was  obtained  which  was 
characterized  In  the  form  of  its  picrate. 

EXPERIMENTAL 

l-Vlnyl-A  cyclohexene  (b.p,  143-145*;  njj  1.4915)  was  obuined  by  the  dehydration  of  1-vlnylcyclo- 
bexanol-1,  obuined  by  the  condensation  of  acetylene  with  cyclohexanone  and  the  partial  hydrogenation  of  the 
l-€ihynylcyclohexanol-l  In  the  presence  of  a  Pd  catalyst  [131  with  potassium  bisulfate. 

Condensation  of  1-vtnyl-A* -cyclohexene  with  methacrylic  acid.  6  g  of  l-vlnyl-A^-cyclohexene.  5  g 
methacrylic  acid  (b.p.  74*  at  20  mm:  njj  14300), aid  O.lg  pyrogallol  were  heated  for  8  hours  at  135-140*. 
Upon  the  distillation  of  the  reaction  products  in  vacuum.  3.5  g  of  the  surtlng  subsunces  and  5  g  of  a  mixture 
of  acids  (XII)  and  (XIII)  with  b.p.  150-15?  at  4  mm.  ng  1.5100.  fro.m  which  2  g  of  l-methyl-A*-oculin-l- 
carboxylic  acid  with  m.p.  110-112*  was  obuined  after  two  recrysulllzations  from  petroleum  ether. 

3.954  mg  substance:  10.833  mg  €0^:  3.380  mg  1^0.  5,224  mg  substance:  14.269  mg  CC^: 

4.430  mg  H,0.  Found  <5fc:  C  74.55:  H  9,56,  9.61.  CbH|,CI^.  Calculated^:  C  74.22;  H  9.27. 

0.1423  mg  subsunce:  7.5  ml  0.1  N  KOR  Found:  M  190.  CuH|,(:^.  Calculated:  M  194. 

Dehydrogenation  of  acid  (XII)  with  selenium  and  paDadium  on  charcoal  did  not  give  satisfactory  results. 
Satisfactory  results  were  obtained  upon  dehydrogenation  with  a  Nl  catalyst. 

6.5  g  of  acid  (XU)  with  m.f.  llC-112*.  100  ml  of  benzene,  and  12  gof  Raney  Ni  were  heated  in  an 
autoclave  for  16  hours  at  3T0-3SC*.  After  the  removal  of  the  solvent,  the  residue  was  distilled  at  normal 


pressires  and  the  following  fractions  were  isolated: 
1.5S00-0.8  g.  Ill)  b.p.  23S-241*.  ng  1.6030-3  g. 


I)  b.p.  226-230',  1.5400-  0.8  g;  II)  b.p.  230-238",  ng 


5.S  g  of  a  methyl-.ap^:thalene  (XIV)  picrate  with  m.p.  138-139'  which  did  not  give  a  depression  with 
the  known  subsu-.ce  [213  was  obtained  from  fraction  IIL 

Dehvdroge nation  of  the  mixture  of  acids  fXID  a-.d  fXU?>  30  g  of  1-vinyl-.^’ -cyclohexene.  25  g  of 
methacrvlic  acid,  a*xJ  1  g  of  pyTOgallol  were  heated  in  a  metallic  ampoule  for  12  hours  at  138-140  .  33  g 
of  a  mixture  of  acids  (XU)  ard*(X:n)  with  b.p.  154-164*  at  4  mm  ng  1.5080  was  obtained  on  the  distillation 
of  the  reaction  products.  The  mixture  of  acids  obtained  was  heated  in  an  autoclave  in  the  preserjce  of  40  g 
of  Raney  Ni  and  100  ml  of  benzene  for  12  hours  at  300-320'  and  for  16  hours  at  380-390  .  After  the  filtration 
of  the  catalyst  and  the  distillation  of  the  reaction  products.  19  g  of  a  mixture  of  nydrocarbons  with  b.p. 
21C-235',  ng  1.5980.  was  obtained.  This  .mixture  of  hydroca.'bcns  was  subjected  to  a  supplemenury  dehydro¬ 
genation  with  7  g  of  nickel  arid  70  ml  of  benzene  for  17  hours  at  380-390*.  After  filtration  of  the  catalyst 
and  distillation  of  the  product,  the  following  fractions  were  obtained:  1)  b.p.  225-230*,  ng  1.5680  — 4g; 

II)  b.p.  237-244',  ng  1.6120-12g:  residue  0.5  g. 


Upon  standing,  crystals  of  naphthalene  formed  in  Fraction  I  (0.05  g  with  m.p.  75-78*:  they  did  not 
give  a  depression  with  an  authentic  sample). 

27  g  of  a  mixture  of  picrates  was  obtained  from  Fraction  II.  which  yielded  after  several  recrystalliza¬ 
tions  from  ethyl  and  then  methyl  alcohol.  14  g  of  pure  a-methylnaphthalene  picrate  melting  at  138-141"  and 
giving  a  depression  with  a  known  sample  (m.p.  141-142*),  Upon  heating  this  picrate  with  a  concentrated 
potassium  carbonate  solution.  4  g  of  a -methylnaphthylene  with  b.p.  239-242*,  at  730  mm;  ng  1;6120.  In 
addition.  11  g  of  a  mixture  of  picrates  with  m.p.  130-137*  were  obtaLned  in  the  above  experiment,, 

(Found  N  11.75,  11.49,  calculated  N  11.32)  in  which,  there  is.  according  to  the  fusion  curve,  not 
less  than  90%  of  a-methylnapinhalene  picrate,  and,  evidently,  only  a  few  percent  cf  the  picrate  of 
naphthalene  itself. 

Lactone  (XVl).  64  g  of  methacrylic  acid,  34  g  of  1-vinyl-  -cyclohexene,  and  0.5  g  of  pyrogallol 
were  heated  in  a  metallic  ampoule  at  138-140*  for  8  hours.  Upon  distillation,  40  g  of  a  mixture  of  starting 
materials.  ar.d  41  g  of  condensation  products  with  b.p.  138  -158*  at  3  mm  (residue  12  g)  were  obtained.  Upon 
redistillation  of  the  condensation  products,  the  following  fractions  were  obtained:  I)  b.p.  129-138“  at  3  mm; 
ng  1.4920-20g:  II)  b.p.  145-149*  at  3  mm;  1.5080-5  g;  IIQ  b.p.  149-151*  at  3  mm;  ng  1.5110-14  g. 


Fractions  I  and  II  were  combif'ed  and  tteated  with  a  10%  sodium  carbonate  solution,  the  neutral 
products  extracted  with  ether,  and  dried  with  calcium  chloride.  After  the  removal  of  the  ether  and  the 
vacuum  distillation  of  the  neutral  products.  14  g  of  the  lactone  (XVI)  with  b.p.  137-138*  at  5  mm:  ng 
1.4930;  dj*  1.085,  MRq  51.96:  calculated  52. 66.  was  isolated. 

7.528  mg  substance:  20.50  mg  CO,:  6,353  mg  H,0.  5,270  mg  substance:  14.43  mg  CO,.  4,425  mg 
H,0.  Found  %:  C  74.22,  74  72:  H  9.44,  9.39.  C;,HisOi.  Calculated  %:  C  74.22;  H  9.27. 


The  lactone  does  not  decolorize  bromine  and  permanganare  soluiiDniand  is  a  neutral  substance. 


10  g  of  a  mixture  of  acids  (XII)  and  (XIII)  with  b.p.  137-142*  at  2  mm.  ng  1.5100,  was  obtained  from 
the  acidic  coridensaticr.  products. 

Hydrogenation  of  acids  (XU)  and  (XIII).  a)  4.7  g  of  the  mixture  of  acids  (XII)  and  (XIII)  with  ng 
1.5100  obtained  in  the  previous  experi.-nent,  was  hydrogenated  m  20  ml  of  etliyl  alcohol  over  a  Pt  catalyst. 

After  2.5  hc-urs,  570  ml  of  hydrogen  (1  mole)  had  been  added.  After  two  distillaticre.  2.5  g  of  the  saturated 
acid  (XV)  with  b.p,  144-146*  at  4  mm.  ng  1.5010,  was  isolated. 

7.89  mg  substance:  21.34  mg  CO,;  6.99  mg  H,0.  8,35  mg  substance:  22.60  mg  CO^;  7.31  mg  H,0. 

Found  %:  C  73.85,  73.86;  H  9.92  ,  9.74.  CuH„0|.  Calculated  %:  C  73.46:  H  10.20. 

b)  5  g  of  a  mixture  of  acids  (XU)  and  (XIII)  with  b.p.  152-161*  at  4  mm.  ng  1.5100  .  wa:  hydrogenated 
in  50  ml  of  alcohol  over  a  Pt  catalyst.  After  1  hour.  350  ml  of  hydrogen  had  been  added,  then  the  hydrogenation 


604 


was  greatly  slowed  down.  Upon  the  addition  of  a  Pd  cataivst  (on  calciutn  carbonate),  the  rate  of  the  hydrogenation 
increased,  and  xS  ■  .nl  mote  of  hydrceen  had  added  in  4C  Tiinutes;  a  total  of  530  ml  of  hydrogen  (1  mole)  had  added 
4.?  g  of  the  saturated  acid  (XV)  wiin  b.p.  145-154*  at  4  mn.  Dq  1  5C35.  was  obtained. 

c)  0.4  0  cf  *’  e  crystallt'-e  acid  (m.p.  S9  103'*)  wai  hydrogenated  in  10  ml  of  alcohol  over  a  Pt  catalysL 
40  rrl  (I  n:olf)  o{  d-^ogen  had  added  i:  4  hours.  After  recrystallization,  saturated  acid  (XV)  with  b.p.  124-127* 
(from  the  irot’’?:  m.p.  li4*liT*)  was  obtained. 

Cvelizatior.  of  acid  (XII).  5  a  of  acid  (XII)  with  .m.p.  110-112*  was  heated  in  5  .ml  of  50^  sulfuric  acid 
on  a  boiling  water  batn  for  1  hour.  The  mixture  darkened  strongly.  The  reaction  product  was  diluted  with  two 
parts  of  water,  extracted  with  ether,  neutralized  wirfi  sodium  carbonate,  dried  with  calcium  chloride,  and  vacuum 
distilled.  2.7  g  of  the  above  de;scribed  lactone  (XVI)  with  b.p.  140-143*  at  9  mm.  1.494(1.  was  isolated 

Saponification  of  lactone  (XVI).  Alcoholic  alkali  solution  did  not  saponify  the  lactone  even  on  heating. 

2  g  of  the  lactone  (b.p.  137-138*  a*  mm)  was  boiled  for  4  hours  with  sodium  ediylate  (0.5  g  of  sodium.  50  ml 
of  alcohol).  At  the  end  of  the  heating  the  alcohol  was  removed  in  vacuum.  20  ml  of  water  -was  added  to  the 
residue,  the  alcohol  removed  once  more,  and  the  residue  extracted  with  ether,  but  no  neutral  products  were 
detected.  The  aqueous  solution  was  carefully  acidified  with  50®^  sulfuric  acid:  the  crystals  which  separated  were 
filtered,  washed  with  water,  alcohol,  and  ether-  2.5  g  of  slightly  yellowish  crystals  of  the  hydroxy  acid  (XVIQ 
with  m.p.  97-101*  was  i<«lated. 

6.842  mg  substance:  16.413  mg  COii  5.793  mg  HjO.  6.648  mg  substance:  16.000  mg  CO^;  5.635  mg 

HjO.  Found  C  65.47,  65.68,  H  9.47.  9.48.  CaH,^0,-  f^O.  Calculated ‘ji;  C  65.16;  H  9.50. 

Upon  standing  and  attempts  to  recrystallize,  the  crystals  of  hydroxy  acid  (XVII)  melted  and  were  once 
more  transformed  into  lactone  (XVI).  (b.p.  129-130*  at  2  mm:  n”  1.4920). 

10.14  mg  substance;  27.58  mg  CO^;  8.54  mg  HjO.  Found  C  74.23:  M  9  42.  CuHigC^.  Calculated 

C  74.22:  H  9.27. 

Dehydrogenation  of  lactone  (XVF).  9  g  of  the  lactone  (b.p.  138-139*  at  4  mm.  n”  1.4930),  18  gof 
Raney  Ni,  and  100  ml  of  benzene  were  heated  for  23  hours  at  380-390*.  After  filtration  of  the  caulyst  and 
the  distillation  of  the  product,  the  following  fractions  were  obtained:  1)  b.p.  lSO-220',  n^  1.5440—1.4  g: 

II)  b.p.  220-225*;  n^  1.5880  -2.4  g. 

The  fractions  obtained  were  subjected  to  a  supplementary  dehydrogenation  with  5  g  of  nickel  in  50  ml 
of  benzene  at  370-390*  for  21  hours.  The  following  fractions  were  obtained  upon  distillation:  I)  b.p.  215-220*, 
ng  1.5880-1.2  g;  II)  b.p,  225-232*;  ng  1.5980-1  g:  residue -1  g. 

Fraction  II  (b.p.  225-232*)  was  treated  with  a  cone,  alcoholic  solution  of  picric  acid,  and  a-roethyl- 
naphihylene  picrate  with  m.p.  137-138*  was  isolated  from  the  pic  rates  obtained  by  fractional  crystallization 
from  alcohol,  which  did  not  give  a  depression  with  a  known  sample.  In  addition,  0.1  g  of  a  picrate  with 
m.p.  131-132*  whose  analysis  also  corresponded  to  methylnaphthalene  picrate  was  isolated. 

4,849  mg  substance:  0.480  ml  nitrogen  (23*,  753  mm).  4.935  nr,g  substance:  0.490  ml  nitrogen  (24*, 

777  mm).  Found  ‘Jb:  N  11.33,  11.22.  CnHuO^N,.  Calculated ‘5fe:  N  11.32. 

Condensation  of  1 -vinyl- iL*-cyclohexene  with  methyl  methaersdate.  10  g  of  l-vinyl-A*-cyclohexene, 

10  g  of  methyl  methacrylate  (b.p.  99-101*.  ng  1.4130).  5  g  of  dioxane.  and  0.2  g  of  pyrogallol  were  heated 
in  a  metallic  ampoule  for  8  hours  at  140*.  Upon  distillation  of  the  reaction  products,  5  g  of  a  mixture  of 
starting  substances  and  12  g  of  ester  (XVIII)  with  b.p.  111-112*  at  4  mm;  ng  1.4940;  dj*  1.0346:  MRq  59.45; 
calculated.  59.02,  were  obtained. 

9“.47  mg  substance;  26.80  mg  CO^:  8.35  mg  1%0.  12.27  mg  substance:  33.69  mg  CC^:  10.66  mg 

H,0.  Found  %  C  75.09.  74.93:  K  3.59.  9.72.  CoH,,p,.  Calculated  C  75.00:  H  9,61. 

:  Saponification  of  ester  (XVIII).  19  g  of  the  ester  was  heated  with  150  ml  of  10^  methanol  solution  of 
potassium  hydroxide  for  6  hours  on  a  water  bath.  At  the  end  of  the  heating,  the  methyl  alcohol  was  removed, 
the  residue  wis  diluted  with  water  (40  ml).  eJctracted  with  ether,  and  acidified  with  25%  sulfuric  acid.  The 
organic  acids  were  extracted  with  ether,  dried  with  sodium  sulfate,  vacuum  distilled.  12  g  of  the  above 
reported  mixture  of  acids  (XII)  and  (Xlli)  widi  b.p.  157-158*  at  5  mm.  ng  1.5115.  was  obtained. 


10.10  mg  substance:  27.10  ir,g  CC\;  8.33  mg  21.65  mg  substa-ce;  58.88  mg  CO,:  17.85  mg 

H,0.  Found  ‘5,:  C  73.96,  74.22  H  0.32,  S.24.  Calculated  C  74.22,  H  9.27. 

Upor.  standing  this  mixture  of  acid  partially  cr/sullzzci  a-xJ  the  following  fracuons  were  separated: 

I)  m.p.  92-105' -2.8  g.  10  m.p.  58-85* -2.5  g  III) ""S  g 

9  g  of  the  mixture  of  acids  obtained  by  tlie  sapo-i5;carion  of  ester  (XVUI).  was  dissolved  in  40  g  of 
a  mixture  of  glacial  acetic  acid  and  h>-drogen  chloride  HCl).  After  15  minutes,  the  solution  was  poured 
Into  water,  the  mixture  extracted  with  ether,  and  the  etner  solution  dried  with  calcium  criioride.  After  removal 
of  the  ester  and  distillation  of  the  reaction  products;  the  following  products  were  cbtairsed: 

I)  B.p.  115-134*  at  5  mm.  ng  1.4990  -1  g:  II)  b.p.  134-136*  at  5  mm.  ng  1.500  -5  g;  residue  -2  g. 

Fractions  I  and  II  were  combined,  treated  with  IP^  scsdium  carbonate  solution,  the  neuual  products 
extracted  with  ether,  and  dried  with  calcium  chloride.  After  removal  of  the  ether  and  the  distillation  of 
the  products.  3.4  g  of  lactone (XVI)  with  b.p.  133-135*  at  5  mm.ng  1.4950,  was  obtained.  Only  several 
drops  of  an  acid  with  ng  1.5100  was  isolated. 

Hydrogenation  of  ester  (X\^III).  5  g  of  ester  (b.p.  111-112“  at  4  mm)  was  hydrogenated  in  20  ml  of 
ethyl  alcohol  over  a  Pd  catalyst  (the  ester  was  not  hydroger.ated  over  a  Pi  catalyst).  510  ml  of  hydrogen 
(1  mole)  had  added  in  3  hours.  As  a  result  of  the  distillatiot.  cf  the  hydrogenation  product  in  vacuuir:  4.7 
g  of  methyl-l-methyl-2-decalin  carboxylate  (XIX)  with  b.p.  lC'j-102*  at  2  mm.  ng  1.4S40:  dj*  1.C192. 

4.008  mg  substance:  10.842  mg  CO,:  3.558  mg  K,0.  4.870  mg  subsunce:  13.194  mg  CC^; 

4.460  mg  H,0  Found ‘Jb:  C  73.81,  73.91;  H  9.93.  10.20.  CaHaO^.  Calculated^:  C  74.28: 

H  10.27. 

Dehydrogenation  of  ester  (XV ill).  2.2  g  of  ester  (XV[li).  1  g  of  palladium  on  carbon  (5^  Pd)  and 
15  ml  of  benzene  were  heated  for  10  hours  at  360-370*.  The  solution  was  filtered,  the  catalyst  was  washed 
several  times  with  ber.zen.e,  the  benzene  was  removed  at  aT.oospheric  pressure,  and  the  residue  vacuum 
distilled;  the  followLng  fractions  were  obtained;  I)  b.p,  110-116*  at  18  mm  —0.1  g;  U)  b.p.  116-118*  at 
18  mm.  ng  1.5970-0.85  g. 

1  3  g  of  a-methylnaphthalene  picrate  was  isolated  from  Fraction  2  by  die  action  of  a  concentrated 
alcoholic  picric  acid  solution,  m.p.  138-140*  (from  alcohol):  it  did  rot  give  a  depressor,  with  a  known  sample. 

Saponification  of  the  saturated  ester  (XIX)  5  g  of  ester  (XIX)  was  lieatcd  on  a  water  bath  with  50  ml  ' 
of  a  20<^  alcoholic  solution  of  potassium  hydroxide  for  24  hours.  At  the  end  of  the  reaction,  the  alcohol  was 
removed  in  vacuum,  the  residue  was  diluted  with  water,  and  extracted  with  ether  to  remove  the  neutral 
substances.  The  aqueous  solution  was  acidified  widi  20^  sulfuric  acid,  the  organic  acids  were  extracted  with* 
ether,  and  dried  with  sodium  sulfate.  Upon  distillation.  2  g  of  a  mixture  of  acids  with  b.p.  142-154*  at  4  mm 
were  isolated  in  the  form  of  a  colored  thick  liquid. 

Condensation  of  1-vinyl-  A*  -cyclohexe  ie  with  acrotin  20  g  of  l-vinyl-»5* -cyclohexene,  12  g  of 
acrokin  (b.p.  52-63*,  ng  1.4020)  and  0.3  g  of  pjrogallol  were  heated  ina  glass  ampoule  for  5  hours  at  110-115t 
Upon  the  distillation  of  the  products.  2. 7  g  of  mixture  of  starur^g  substances  and  24  g  of  aldehyde  (XX)  with 
b.p.  100-101*  at  5  inrn.ng  1.5098:  dj*  1.02  39?  MRp  47.92:  calculated  48.14,  were  isolated. 

11.27  mg  substance:  33.11  mg  CO,:  9.97  mg  H,0.  9.23  mg  substance:  27.10  mg  CO^;  8.50  mg  1^0. 

Found  C  80  17.  80.12;  H  9.90.  10.30.  CnH,p.  Calculated  <50:  C  80.48;  H  9.75. 

The  semi-carbazone  of  the  aldehyde  (XX)  melted  ar  190-191*  (from  alcohol). 

4.662  mg  substance:  0.774  ml  nitrogen  (21*.  736  mm).  4.790  mg  substance:  0.799  ml  nitrogen  (20*. 

735  mm).  Found  -Jb:  N  18.67,  18.79.  Calculated  •Jb:  N  19.00. 

Hjrdrogenation  of  aldehyde  (XX).  10  g  of  aldehyde  (b.p.  100-101*  at  5  mm)  was  hydrogenated  in  40  ml 
of  methyl  alcohol  over  a  ft  catalyst  1.3  liters  (1  mole)  of  hydrogen  had  added  in  13  hours.  After  two  distillations, 
9.5  g  of  the  saturated  aldehyde  (XXI)  with  b.p.  100-102*  at  7  mm.  ng  1.4950.  was  isolated.  The  semicarbazone 
of  this  aldehyde  melted  at  182-183*  (from  alcohol). 
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3.9G5  irg  jL'bstance.  0.C41  ml  nitrogen  (23*,  lb3  mm),  S.IIO  mg  substance:  0.G07  ml  nitrogen 
(24*.  752  mm).  Found  N  18.47.  18. C3  CuHjiON,-  Calculated  N  18.83. 


Ovidarion  of  2.4  g  of  the  aldehvde  (b.p.-  100-1C2*  at  7  mm)  was  heated  with  60  ml 

of  hydroger  ruroMJc  for  4  hours  until  the  disappearance  of  the  upper  layer  An  oily  layer  which  formed  on 
the  bottom  of  the  flask  was  separated,  dissolved  in  ether,  arid  the  ether  solution  was  dried  over  sodium  sulfate. 

After  the  remc.al  of  llic  erhtr.  the  residue  crystallized  (2  g).  After  two  re  crystallizations  from  methyl  alcohol. 

1  g  of  acid  (XXII)  with  ni.p  142-144*  was  obtained. 

4.405  mg  substance:  11.800  mg  CO,;  3.585  mg  1%0.  4.670  mg  subsunce:  12.520  mg  CO^; 

3.745  rrg  H,0.  0.1558  g  substance:  8.78  ml  0  1  N  KOH.  R)und ‘Ji:  C  73.10.  73,16;  H  9.10, 

8.97;  M  178.  CuHnP,.  Calculated  C  72.51;  H  8.98;  M  182. 

Reduction  of  aldehyde  (XX)  according  to  Clemmenson,  4  g  of  the  aldehyde  (b.p.  100-101*  at  5  mm) 
dissolved  in  25  ml  of  ethyl  alcohol  was  added  to  a  boilmg  mixture  of  amalgamated  zinc,  5  ml  of  water,  and 
15  ml  of  hydrochloric  acid.  The  product  was  diluted  with  water  (50  ml),  neutralized  with  sodium  carbonate, 
exuacted  with  ether,  and  dried  over  calcium  chloride.  After  two  distillations.  1,5  g  of  hydrocarbon  (XXIll) 
with  b.p.  85-67*  at  13  mm,  n”  1.4990;  dj*  0.9294was  obuined. 

6.210  rrg  substance*  19  852  mg  CO,;  6,650  mg  H,0.  4.350  mg  substance:  13.905  mg  CO,; 

4.640  mg  H,0  Found  C  87.22.  87.20;  H  11.99.  11.92.  CaH,,.  Calculated  ‘Jo:  C  88.00; 

H  12.00. 

Dehydrozenation  of  hydrocarbon  (XXIll).  0  8  g  of  the  hydrocarbon  (b.p.  85-87*  at  13  mm),  0.8  g 
cf  palladiiun  ca  carbon  (5^  Pd)  and  20  ml  ofhenzene  were  heated  for  10  hours  at  370-380*.  At  the  end  of 
the  heating,  the  mixture  was  filtered  from  the  catalyst,  the  benzene  removed,  and  the  residue  vacuum 
distilled.  4.5  g  of  a  substance  with  b.p.  100-103*  at  10  mm  was  obtained  from  which  0.6  g  of  a  picrate 
with  m.p.  13S-139*  (from  alcohol,  not  giving  a  depression  with  a -methyinaphthalene  picrate)  was  obtained 
by  the  action  of  a  conr.  solution  of  picric  acid. 

Condensation  of  l-vinyl-A*-cyclol;exene  with  6.6-dimethyldivinyl  ketone.  15  g  of  1-vinyl- A*- 
cyclohexene,  23  g  of  8.6 -dimethyldivinyl  ketone  (b.p  45-46*  at  11  mm.  n|)  1.480  [22))  and  0.1  g  of 
pyrogallol  were  heated  in  a  glass  ampoule  for  10  hours  at  125-130*.  Tlie  solution  thickened  greatly. 

Upon  the  distillation  of  the  products  of  the  condensation.  7  g  of  a  mixture  of  starting  substances  and 
10  g  of  the  unsatuiated  ketone  (XXIV),  with  b.p.  139-140*  at  4  mm.  n{)  1.5205;  dj*  1.0001;  MRq  66.39: 
calculated  66.14  ve'c  obtained. 

6.035  rrg  substance:  18.220  mg  CO,:  5,442  mg  H,0.  5.965  mg  substance:  18.600  mg  CC^:  5.385  mg 

H,0.  Found  ‘Jt:  C  82.39.  82.35;  H  10.09,  10.10.  CuH„0.  Calculated  C  82.57;  H  10.09. 

Crystalline  derivatives  of  the  ketone  (XXIV)  could  not  be  obtained. 

Hydrocenation  of  ketone  (XXIV).  2  g  of  the  ketone  (b.p.  139-140*  at  4  mm)  was  hydrogenated  in 
30  ml  of  ethyl  alcohol  over  a  Pi  caulyst  440  ml  (2  moles)  H  had  adJjd  in  5..,  iiimtes.  As  a  result  of  the 
distillation.  1.5  g  of  the  saturated  ketone  (XXV)  with  b.p.  127-128*  at  4  mm.  n|j  1.4810:  dj*  0.9465: 

MRjj  66.62;  calculated  67.07,  was  obtained. 

11.42  mg  substance:  33  63  mg  CO,.  11.87  mg  H,0.  Found  C  80.36:  H  11.64.  Cj,K,,P. 

Calculated ‘Jt:  C  81.08.  H  11.  T2. 

Upon  the  preparation  of  the  scmicarbazonc.  an  oil  which  could  not  be  crystallized  came  out. 

The  ketone  did  not  reduce  according  to  Clemmenson  Upon  the  dehydrogenation  of  ketones  (XXIV)  and 
(XXV)  with  tr«r  iim  of  preparing  the  known  a -naphthyl  isobutyl  ketone  with  palladium  on  carbon  (5‘5i  W)  for 
6  hours  at  350*.  a  mixture  was  obtained  which  was  close  to  the  ketones  of  the  teualin  series  by  its  composition. 

Dehydrogenation  of  ketones  (XXIV)  and  (XXV)  with  selenium  also  did  not  lead  to  satisfactory  results. 

Condensation  of  2.2-dimethyl-4-vinyl-3.6-dihydropyrane  with  B.6-dimethvldivinyl  ketone.  5  g  of  2.2- 
di.nethyl-4-vinyl-3.6-dihydropyrane  (XXVI)  (b.p.  84*  at  40  mini  njj  1.4830),  6  g  of  diincthyldivinyl  kctonc  (b.p.  44  at 
10mm.  ng  l.-:32Ci.  and  0.1  g  of  pyrogallol  v.-.r.  heated  for  6  houfs  in  a  glass  a:npoule  to  120-125*.  After  the  distilla¬ 
tion  of  tie  reaction  products,  5  8  g  of  ketone  (XXVII)  with  b.p.  15.7)155  at  4  mm;  n^  1.5175,  d^  l.o2i9,  MRq 
73.02:  calculated  72.40,  was  isolated. 
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7  600  mg  substance:  21.472  mg  CC>j:  6.577  rrg  HjO.  5.248  mg  substance;  14.847  mg  CC^. 

4.550  mg  H,0.  Found  ‘Jt:  C  77.10.  77.21:  H  5. 6S.  9.70.  CieH^C^.  Calculated  <?,:  C  77.41; 

H  9.68. 

Hydrogenation  cf  ketone  fXXVin.  2  g  of  Lhe  ketone  (b.p.  153-155*  at  4  mm)  was  hydrogenated  over 
a  Pt  cataU-st  In  20  ml  cf  ethyl  alcohol.  320  ml  of  hydrogen  (2  .moles)  had  added  in  1.5  hours.  1.5  g  of  the 
saturated  ketone  (XX^'UI)  with  b.p.  127-129*  at  7  mm.  r.”  1.4S35-  d”  0.PSC5:  MRq  73.49;  calculated  73.3a was  isolated. 

,5.380  mg  substance:  15.045  mg  CO,:  5.140  mg  F,0.  5.470  mg  substance:  15.245  mg  CC^:  5  205  mg 

K,0.  FoLundiJ;;  C  76.31,  76.06;  H  10.69,  10.64.  C,,H„p,.  Calculated ‘5»:  C  76.19:  H  11.11. 

Upon  the  preparation  of  the  semicarbaaone  and  2,4-dinitrophenyl  hydrazone,  an  uncrysiallizable  oil 
was  obtained. 

Cc-ndensaticn  cf  1-s'inyl-  -cyclohexene  with  crotonic  acid,  7.8  g  of  l-vinyl-^'«cyclohexenc,  6  g 
of  crotonic  acid  (m.p.  71-72*),  3  ml  of  dioxane  were  heated  for  8  hours  to  145*  After  the  removal  of  the 
dioxane  and  the  unreacted  starting  materials,  and  vacuum  distillation  of  the  product.  3  g  of  a  mixture  of 
acids  (XXDC)  with  b.p.  ISS-142*  at  4  ram.  Hq  1.4990  was  obtained. 

6.81  ragsubstance:  23.76  mg  CO^:  7.37  mg  H,0.  .11.96  mg  substance:  32.23  mg  CC\;  9.99  mg 

H,0.  0.1645  g  subr.ancc:  8.6  ml  0.1  S  NaOR  Found  C  73.60.  73.54:  H  9.35;  9.34;  M  193. 

CnHiA.  Calculated  ‘Jb:  C  74.22:  H  9.27.  M  1S4. 

Dehydrogenaticc  cf  acids  (XXIX).  2  g  of  the  acids  with  b.p.  138-142*  at  4  mm.  1  g  Pd  on  carbon 
(5^  Pd)  and  10  ml  of  bencer:e  were  heated  for  15  hours  to  360-370*.  After  the  removal  of  catalyst  and  the 
distillauon  of  the  benzene.  0.8  g  cf  picric  acid  (concentrated  solution)  was  added  to  the  residue,  and  0.4  g 
of  picrate  with  m.p.  112-113*  (from  alcchol)  not  giving  a  depression  with  «-mothylnaphihalene  picrate,  was 
obtained. 

SUMMARY 

1 -Vinyl -d.*-=sclchexene,  upon  dien'c  condensation  with  methyl  methacrylate,  methacrylic  acid, 
acxk  in.  and  other  asymm.  dienophiles.  forms  « -substituted  derivatives  of  octahydronaphthalene  according 
to  the  followir^  scheme: 


There  were  no  8  -substituted  octahydibnaphthalenes  detected  during  these  condensations. 
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REACTION  or  DIPHENVi  MERCURY  WITH  CARBON  TETRACHLORIDE 
G.  A,  Raruv-i*v  and  Yu.  A.  Oldekop 


The  great  inertness  of  diphenyl  and  o-tolyl  mercury  toward  various  polyhalides  vas  mentioned  in  the  papers 
of  Whitman  and  Thurman  [1  •  Upon  prolonged  heating  of  diphenyl  mercury  with  carbon  tetrachloride  (up  to  350 
hours),  there  was  no  reaction  between  the  components.  Analogously,  no  reaction  was  found  with  other  halides 
(etbylidene  chloride,  benzylidene  chloride,  benzotrichloride,  dicnloroethyl  acetate,  cyclohexyl  bromide,  and 
otliers).  Koton,  Zorina,  and  Osberg  [2]  also  did  not  observe  a  reaction  between  diphenyl  mercury  and  chloro¬ 
form  and  broinoform,  upon  heating  in  sealed  tubes  to  130*.  A  reaction  occurred  only  between  diphenyl  mercury 
and  iodoform.  At  the  same  time,  th?  authors  [3]  showed  that  radiation  with  ultraviolet  light,  even  at  ordinary 
temperatures,  caused  a  reaction  between  R|Hg  and  halo  derivatives  to  occur.  For  carbon  tetrachloride,  the 
reaction  occurred  accordirg  to  the  following  summary  equation: 

f^Hg  ♦  2CCI4  — ►  RHgO  ♦  RCl  +  CjO, 

The  reaction  also  occurred  by  the  action  of  benzoyl  peroxide  on  a  solution  of  diphenyl  mercury  in  carbon 
tetrachloride  [4].  Phenyl  mercuric  chloride,  chlorobenzene,  hexachloroethane,  mercuric  salts  of  benzoic  and 
w-trichlorotoluic  acid  were  found  in  the  reaction  products. 

Recently,  Borisov  [5]  was  able  to  sliow  that  the  separation  of  phenyl  mercuric  chloride  and  the  formation 
of  benzotrichloride  occurred  upon  the  action  of  acetyl  peroxide  on  a  solution  of  diphenyl  mercury  in  carbon  tet¬ 
rachloride,  Tlie  reaction  between  diphenyl  mercury  and  chloroform  occurs  with  the  separation  of  phenyl  mercuric 
chloride,  benzene,  and  only  traces  of  benzotrichloride.  The  fact  that  hexachloroethane,  but  not  benzotrichloride  is 
formed  by  the  action  of  light,  seems  strange.  For  many  reactions  which  occur  between  carbon  tetrachloride  and 
other  compounds,  the  action  of  ultraviolet  light  and  peroxides  leads  to  identical  products  [61 

For  this  reason  it  appeared  interesting  to  conduct  a  thermal  reaction  between  diphenyl  mercury  and  carbon 
tetrachloride.  It  appeared  that  the  inertness  of  these  compounds  was  explained  by  the  extremely  low  temperature 
at  which  the  above  investigators  worked  and  in  fact,  upon  heating  above  200*.  a  reaction  occurred  between  car¬ 
bon  tetrachloride  and  diphenyl  mercury  as  expressed  by  the  equation: 

(CeHjlxHg  ♦  Ca4  — ►CjHsHgCl  ♦  048,00, 

Therefore,  the  ihennal  reaction  was  found  to  be  identical  with  the  reaction  produced  by  peroxides. 

From  the  results  given  in  the  Table,  it  is  apparent  that  the  end  products  of  the  decomposition  of  diphenyl 
mercury  increase  in  quantity  with  increase  in  reaction  temperature  and  time.  In  fact,*  270*.  phenyl  mercuric 
chloride  could  not  be  seen;  only  mercuric  chloride  and  a  large  amount  of  calo.mel  were  found. 

It  is  interesting  to  mention  that  differences  in  reactions  of  carbon  tetrachloride  by  the  action  of  heal  and 
by  the  action  of  ultraviolet  illumination  were  also  noted  in  other  cases.  Thuiby  the  illumination  of  a  mixture 
of  meilianol  and  carbon  tetrachloride,  the  formation  of  hexachloroethane  according  to  the  equation: 

CHjOH  ♦  200-4  — CHjO  ♦  2Ha  ♦  0,0, 
occurred,  whereas  chloroform  is  formed  by  heating  [7]  : 

OHjOH  ♦  OO  4  — ►  0H,0  ♦  HOI  ♦  OHOl,. 

Further  study  is  required  to  explain  such  differences  in  the  reactions  of  carbon  tetrachloride. 

EXPERIMENTAL* 

The  experiments  were  conducted  in  sealed  glass  tubes  placed  inside  iron  tubes  while  they  were  heated  in  an 
electric  furnace.  The  thermometer  was  found  between  the  iron  tube  and  the  electric  furnace.  Therefore,  the 


•  The  experimental  work  was  conducted  with  the  aid  of  G.  F.  Ohcloginsov. 
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temperature  deierminatioa  was  rather  rojgrv  for  this  r'’a:-0'‘  sepjrate  experiments  were  conducted  in  small  sealed 
glass  ampoules  placed  irto  the  oil  cf  a  therroosra*  ir.  order  to  determ:re  the  start  cf  reaction. 


The  orienting  experiments  showed  trat  the  reacfo*  between  dtpheTS'l  irercur>  Z‘'i  carbon  tetrachloride 
surted  at  210'  . 


5.0  g  cf  dipzienyl  rrercu.-y  a-d  25  ml  of  carbon  »etr<.ch:or:dc  vrere  charged  ir-.zo  the  sealed  tube,  and  the 
reaction  mixture  heated  for  23  to  60  houts  (See  Table). 


- 

Reaction 

Products 

1 

' 

1 

jMiitrochloro 

Temper- 

\  ***"5 

HeatL-.g  1  enfori 

Calomel 

Mercuric  chloride  i 

I  ; 

Benzoic 
acid  (g) 

benzene 

ature 

^rne”  - "“T- 

(hour,) 

1  I 

"  ■'  -I 

(e) 

C^) 

i  (8) 

(^) 

(g) 

230* 

— — ^ - r 

23  j  3.45 

78.4 

0.1 

3.0 

C.51 

0.98 

230 

42  i  2.50  ; 

56.6 

1.03  • 

31.0 

;  -  , 

- 

0.65 

0,50 

250 

35  1  0.6.  j 

13.6 

0.3 

9.1 

•  2.55 

66.6 

oa 

0.40 

260 

27  i  p.i  ; 

2.3 

0.67 

20.2 

2.8  . 

73.1 

0.35 

0.50 

270 

20  .  :  -  ' 

1.7  , 

51.2 

!  1-3  i 

t  * 

34.0 

0.4 

0.37 

At  the  end  of  the  reaction  the  precipitate  was  filtered.  Phenyl  mercuric  chloride  was  separated  from  it  by 
solution  in  acetone.  Aftei  recrystallization  from  the  same  solvent,  it  had  an  m.  p.  257*  without  depressing 
the  melting  point  of  an  authentically  pure  phe''yl  mercuric  chloride.  Mercuric  and  mercurous  chloride  remained 
in  the  residue.  Mercuric  chloride  was  removed  by  solution  In  ethyl  alcohol.  It  was  identified  by  reaction 
for  the  m,ercunc  ion.  The  part  insoluble  if  alcohol  was  calomel.  The  filtrate  was  made  alkaline  with  potass¬ 
ium  hydroxide  and  steam  distilled.  Tne  distillate  was  nitrated  directly  after  the  removal  of  water.  The 
nitro  product  isolated  was  2.4-dLnitrochlorober.zene  with  m.  p.  51-52.*  In  isolated  cases,  p-nitrochlorobenzcne 
with  m.  p.  82*  was  obtained.  Both  nitro  poducts  did  rot  give  a  depression  in  melting  point  with  authentic 
pure  prepaatsons  of  2/i-dmitrochiorobenzene  and  p  r.itrochlorobenzene,  respectively. 

The  residue  after  steam  distillation  was  filtered,  and  the  benzoic  acid  was  precipitated  with  mineral 
acid.  Benzoic  acid,  after  ether  extraction  a'xl  isolation,  was  reciystallized  from  alcohol,  and  had  an  m.  p. 
119-120* .  A  mixed  sample  with  autheni^  pure  benzoic  acid  give  an  m.  p.  120* . 

SUMMARY 

On  heating  diphenyl  mercury  ard  carbon  tetrachloride  above  200*  in  sealed  tubes,  a  reaction  occurred 
forming  phenyl  mercuric  chloride  and  bebzotrichloride^ 

On  increasing  the  temperature  to  270* ,  or  increasing  the  reaction  time,  a  complete  de-arylization  of 
diphenyl  mercury  occurred  to  form  calomel  and  mercuric  chloride. 
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REACTION  OF  ACYL  PEROXIDES  WITH  METALLIC  MERCURY 


G  A^  Razuvaev.  Yu,  A.  Oldekop.  and  L.  N.- Grobov 

Recently,  t!;c  reactions  of  free  raujcah  in  solutions  h;  je  been  studied  very’  intensely.  These  types  of  reactions 
are  of  great  theoretical  and  practical  interest,  since  tliey  make  it  possible  to  explain  mechanisms  of  industrially 
important  chemical  processes  such  as.  for  example,  polymerization  of  unsaturated  compounds,  auto-oxidation,  add¬ 
ition  to  multiple  bones,  etc,  A  successful  method  for  proof  of  the  formation  of  free  radicals  in  chemical  reactions  is 
their  fixation  on  elements.  This  method  is  equally  applicable  to  the  investigation  of  processes  occurring  in  the  gas¬ 
eous  and  liquid  phases. 

The  simplest  radicals,  methyl  and  ethyl,  were  shown  in  the  gaseous  phase  with  this  method  [IJ.  The  phenyl  radical 
was  shown  during  the  decomposition  of  phenyl  diazonium  chloride  in  the  liquid  state  by  its  fixation  on  elements  (2), 
where  phenyl  derivatives  of  the  elements  were  formed  in  the  case  of  mercury,  arsenic,  antimony,  and  tellurium.  Ana¬ 
logously,  phenylmercury^was  formed  by  the  decomposition  of  benzene  diazoacetate  in  non-pxjlar  solvents,  for  example 
carbon  tetrachloride,  in  the  presence  of  mercury  [3].  Upon  boiling  diphenyl  iodonium  iodide  in  propyl  alcohol  in  the 
presence  of  mercury,  antimony,  or  tellurium,  a  transfer  of  the  phenyl  radicals  to  the  elements  occurs  with  the  formation 
of  meullo-organic  derivatives  of  the  latter  [4j  The  formation  of  plienyl  radicals  was  shown  upon  the  decomposition  of 
benzoyl  peroxide  in  carbon  tetrachloride  solution  in  the  presence  of  metallic  mercury  [51  The  phenyl  radicals  were 
fixed  in  the  form  of  phenyl  mercury  chloride.  Rienyl  radicals  forming  during  the  decomposition  of  benzene  azotrlphenyl- 
methane  in  carbon  tetrachloride  solution  were  fixed  in  the  form  of  phenyl  mercury  chloride  on  metallic  mercury  [61 

As  far  as  is  known,  the  fixation  of  alkyl  radicals  in  the  liquid  phase  has  not  been  reported  in  the  literature  at 
all.  One  of  these  types  of  reactions,  which  gives  methyl  radicals,  is  the  theimal  decomposition  of  acetyl  peroxide. 

The  most  accepted  decomposition  reaction  of  acetyl  peroxide  is  the  following: 

(CHjCOi),  — ►CH,-  ♦  CO^  ♦  CHjCOO. 

The  thermal  decomposition  reaction  of  acetyl  peroxide  was  effected  in  carbon  tetrachloride  and  benzene  at 
the  boiling  point  of  the  solvents  in  the  presence  of  metallic  mercury.  Experiments  conducted  on  the  thermal  decom¬ 
position  of  the  peroxide  in  carbon  tetrachloride  in  the  presence  of  mercury  (see  Table)  at  the  boiling  point  showed 


Starting  substances : 

fig  (in  g) . . 

(CH,CC^),(in  g) . 

GCl  4  (in  ml) . . 

Experimemal  conditions: 

Addition  time  of  the  peroxide  (In  hours).  . 

Time  of  subsequent  heating  (in  hours) 

Total  lime  (hours) . . . 

Products  isolated: 

CH|CCX5Hg  (in  g  and  in  ^) . 

Hg,n  t  (in  g) . .* . 

HgCl,  (in  g) . 

C,Cl,(in  g) . 

Unreacted  peroxide  (in'Jb) . 

I 

that  Hg ■’acetate,  as  well  as  Hg"^  and  chlorides  are  formed  during  the  reaction,  i.  e..  the  same  type  of  . 

chlorination  of  mercury  by  carbon  tetrachloride  occurs  as  was  found  by  the  action  of  light  on  these  components 
or  with  benzoyl  peroxide  [71  As  is  known,  the  thermal  decomposition  of  acetyl  peroxide  at  about  77-80*  (boiling 


bl.7 


Experiment  No. 


1 

2  1 

1 

3 

4 

100 

100 

100  i 

200 

4.2 

11.7 

12.8 

24.6 

200 

215 

250 

600 

3 

10 

12 

20 

_ 

2 

11  1 

14 

4 

12 

23 

34 

2.7(32.7) 

10.2  (45.1) 

25.2(87.2) 

51.6(95.6) 

Determined 

1.43 

6.44  ; 

17.62 

qualitatively 

i 

1.14 

3.81 

•  i 

- 

0.20 

2.70  j 

4.17  •  ; 

5.50 

10.5 

11.9 

0  •  j 
\  ’ 

0 

points  of  carbon  tetrachloride  and  benzene)  proceeds  very  slowly;  for  this  reason  a  very  long  heating  was  require 

In  all  experLments .  tlie  characteristic  odo:  of  the  alkyl  derivatives  of  mercury  was  noticed  during  the 
processing  of  the  reaction  mass.  The  amount  of  tncse  derivatives  was  so  sina*!  that  they  cou  on  y  etectc 
in  the  last  experiment  by  an  induect  method. 

Therefore,  it  must  be  assumed  that  ai.ctyl  peroxide  reacts  with  mercury  only  by  .neans  of  the  acetoxy  rad 
leal  to  form  the  acetate  of  monovalent  mercury,  while  the  reactive  methyl  radical  formed  during  the  experiment 
reacts  with  carbon  tetrachloride : 

<CH,CP|),  — ►  CH,-  ♦  CO,  ♦  CHjCOOO 
CHjCOO-  ♦  Hg  — ►Cl^COOHp 
CH,-  *  CQ4  — "CHsCl  ♦  CClj- 
CCl,  ♦  ca4—  CC1,-CC1,  ♦  Q; 

Q  •  -f  Hg  — *■  KgCl. 

Studying  the  results  of  these  experiments  in  carbon  tetrachloride  solution,  it  appeared  interesting  to 
conduct  a  similar  series  of-experiments  in  benzene  solution.  As  is  knovo.  [Si  benzene  is  very  unreactlve 
to  attacks  by  alkyl  radicals:  And,  actqally.  methyl  mercury  acetate  was  obtained  in  a  preparative  yield 
(64.7^).  Benzene  was  found  to  be  an  Lnert  solvent  in  this  case. 

The  reaction  can  be  represented  as  proceeding  according  to  the  following  equation: 

Hg  ♦  (CHjCO^,  — ►  CHjHgOCOCH,  ♦  CC^. 

Methyl  mercury  acetate  was  converted  to  methyl  mercury  iodide  with  potassium  Iodide  for  con¬ 
venience  of  isolation. 

As  it  was  shown  previously  [5],  phenyl  mercury  chloride  was  obtained  only  in  small  yields  by  the 
thermal  decomposition  of  benzoyl  peroxide  in  carbon  tetrachloride  solution  in  the  presence  of  mercury. 

Fcr  this  reason,  it  appeared  interesting  to  conduct  such  a  reaction  in  benzene  solution.  Upon  a  prolonged 
shaking  of  a  benzoyl  chloride  solution  with  metallic  mercury,  orily  the  reaction  of  the  formation  of  the 
benzoate  of  monovalent  mercury  was  observed.  Upon  the  healing  of  the  b'inzoyl  peroxide  benzene  solu¬ 
tion  rj  boiling  with  energetic  stirring  with  metallic  mercury  the  formation  of  phenyl  mercurobenzoate 
occurred: 

Hg  ♦  (CiHjCO^),  — ►  CjHsHgOCOCeHj  CQ. 

The  yield  of  the  latter  was  31,5*50.  It  must  be  mentioned  that  the  known  reaction  with  benzoyl 
peroxide  and  benzene  forming  diphenyl  occurs  simultaneously  with  that  of  the  transfer  of  the  phenyl 
radical  to  the  mercury;  the  former  reaction  certainly  decreases  the  yield  of  the  metallo-mercury  compound 
l-tvertheless,  the  yield  of  the  latter  is  high  enough  to  warrant  a  preparative  interest.  As  for  the  methyl 
iXiercury  derivatives,  obtained  by  means  of  acetyl  peroxide,  this  method  is  of  considerable  interest. 

Therefore,  by  using  acetyl  peroxide,  it  seems  that  a  new  method  for  the  s>’nthesis  of  metallo-organic 
derivatives  of  mercury  can  be  developed. 

EXPERIMENTAL 

Reaction  between  acetyl  peroxide  and  mercury  In  carbon  tetrachloride  solution.  Acetyl  peroxide 
was  prepared  from  acetic  anhydride  and  potassium  peroxide  without  separation  in  the  free  form. 

10  g  of  potassium  peroxide  and  100  ml  of  carbon  tetrachloride  were  placed  in  a  wide  necked 
open  flask  or  beaker.  The  reaction  mixture  was  cooled  with  ice  and  salt  to  -10*  .  Acetic  anhydride 
was  then  added  dropwise  with  stirring  and  prolongation  of  the  cooling.  After  addition  of  all  of  the 
acetic  anhydride,  the  stirring  was  continued  for  about  1  hour  more.  Then  Ice  was  added,  in  small  pieces 
at  first,  then  in  larger  ones,  until  the  complete  decomposition  of  potassium  peroxide.  The  carbon  tetra¬ 
chloride  layer  was  separated  from  the  water,  washed  with  water,  and  dried  with  anhydrous  sodium  sulfate. 

The  amount  of  peroxide  obtained  was  determined  by  lodometric  titraUon. 

Metallic  mercury,  with  a  small  layer  of  pure  carbon  tetrachloride  on  top  of  it,  was  placed  into  a 
three  necked  flask  equipped  with  a  mechanical  stirrer  with  a  mercury  seal,  dropping  funnel,  and  reflux 
condenser.  The  carbon  teuachloride  was  heated  to  boiling  and  the  carbon  teuachloride  solution  of  acetyl 
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peroxide  was  added  in  s  nail  portions  into  the  flask  fron;  die  droppirig  funnel,  the  end  of  which  dipped  into  the 
carben  tetrachloride.  wi»h  si.Tiultanco'j'  ‘tirring.  Tne  addition  of  acetyl  peroxide  took  several  hours,  and  the 
heating  was  then  continued  for  several  "tours  more  after  the  addition  of  all  of  the  pe.'oxide  (see  the  Table). 

Within  10-15  •ninutes  fn-iin  the  sr-ri  of  Lhe  addition  of  the  peroxide  into  the  flask,  a  whitening  of  the  liquid 
occurred,  which  gradjally  ircrca'ed.  The  metallic  mercury  vas  sejiarated  mechanically  and  the  rest  of  contents 
of  the  flask  were  steam  diriilleo  Calo.tiel  was  obtained  in  the  residue.  The  contents  of  the  flask  were  filtered 
while  hot.  The  residue  obtained  on  the  filter  was  washed  many  times  with  hot  water.  The  calomel  in  the 
warned  residue  was  quantitatively  determined  by  fusion  with  alkali  and  determination  of  the  chloride  ion. 

After  cooling,  wbi'e  crystals  of  the  acetate  of  monovalent  mercury  separated  from  the  filtrate  (corres¬ 
ponding  tests  for  Hg'^were  effected  with  HQ  .  KOH.  NH,.  NajCC^.  and  Kl  as  well  as  those  for  the  acetate  ion). 

Tlic  distillate  from  the  steam  distillation  was  separated  into  aqueous  and  carbon  tetrachloride  layers. 

Mercuric  chloride  was  determined  ut  the  aqueous  layer.  Hexachlorethane,  m.  p.  186*  (closed  capillary)  was 
isolated  from  the  carbon  tetrachloride  layer  after  distillation.  A  mixed  melting  point  with  pure  hexachlor- 
cthane  :.avc  no  depres'icn. 

Reaction  between  acetyl  p>eroxlde  and  mercury  in  benzene  solution.  The  symthesis  ofacetyl  peroxide 
in  hcn“cne  wds  cftected  under  condition  analogous  to  those  reported  for  carbon  tetrachloride.  A  rapidly 
nicvmg  stirrer  prevented  the  freezing  of  the  benzene.  The  benzene  solution  of  the  correspwnding  psrocessing 
was  dried  with  anhydrous  CaOz  The  yield  of  the  i>eroxide  was  487»  of  the  theoretical.  The  experiment  was 
conducted  under  condition  analogous  to  those  when  carbon  tetrachloride  served  as  the  mediam.  A  benzene 
solution  of  9.9  g  of  acetyl  pjeroxide  in  2.00  ml  of  benzene  was  added  from  a  dropping  funnel  to  100  g  of  mer¬ 
cury  covered  with  benzene.  The  addition  of  the  peroxide  was  continued  slowly  and  was  ended  after  8  hours  while 
hearing  the  reaction  mass  on  a  water  bath.  The  benzene  solution  was  then  heated  for  12  hours  more. 

At  the  end  of  the  reaction,  the  benzene  layer  was  separated  from  the  mercury  and  washed  many  times 
with  water.  Upon  the  addition  of  a  saturated  solution  of  px?tassium  iodide  to  this  water,  a  white  jxecipitatg 
methyl  mercury  iodide  formed  in  a  38. G  g  quantity  or  C4,7*^of  the  theoretical  calculated  on  peroxide 
tal'cn.  M.  P.  144-155*  No  depression  was  fo.und  with  methyl  mercury  iodide  prepared  from  &  different  source, 
iodine  was  added  to  the  washed  benzene  solution  After  the  distillation  of  ilie  benzene,  1.23  g  of  mercury 
iodide  and  1.78  g  of  a  tarry  residue,  which  was  not  further  investigated,  were  obtained.  Only  traces  of 
mercurous  acetate  were  detected. 


Reaction  between  benzoyl  perovide  arid  mercury  in  benzencioiiiion.  The  reaction  was  effected  in  a 
flask  equipped  with  a  mercury  seal  led  stirrer  and  condenser.  2CC  g  of  mercury  and  150  ml  of  benzene  were 
uved  for  the  reaction.  Benzoyl  peroxide  was  added  for  0  hours  during  the  heating  of  the  reaction  masson  the 
water  bath.  'D'c  heating  was  continued  for  14  hours  more  after  the  addition  of  the  benzoyl  peroxide.  A  total 
of  20  g  of  benzoyl  peroxide  was  added  (or  17.5  g  calculated  on  a  100^  basis).  Its  activity  was  determined 
by  iodometric  titration.  At  the  end  of  the  reaction,  the  benzene  layer  was  poured  from  the  mercury  and  dis¬ 


tilled  fro.m  a  Wunz  flask  on  a  water  bath.  A  saturated  solution  of  calcium  chloride  was  added  to  the  residue 


which  crystallized,  and  all  was  steam  distilled. 


The  residue  remaining  in  tlie  flask  after  the  steam  distillation  was  filtered  and  recrystallized  from  acetone. 
It  was  found  to  be  phenyl  mercury  chloride,  m.  p,  254* .  no  dep'reSion  in  melting  pwint  was  found  with  authentic 
phenyl  rrxrrcury  chloride.  The  weight  of  the  residue  was  7.12  g.or  3 l.S'vb  calculated  on  the  benzoyl  peroxide 
used.  0.53  g  of  diphenyl  with  m.  p.  68-C9*  was  collected  during  the  steam  distillation.  In  addition,  a  small 
ameunt  of  organic  acids  were  isolated  during  the  reaction,  which  were  not  Investigated  further. 


Rea :Tior.  between  henzoyl  peroxide  and  mercury  in  benzene  sclution  at  room  t€mp)erature.  100  g  of 
mrrrury  and  150  g  of  benzene  were  charged  into  a  Miter  bottle  with  a  ground  glass  stopper.  10  g  of  benzoyl 
peroxide  was  intn?duced  over  20  hours  (containing  8.7  g  calculated  on  ICj^  basis).  The  shaking  was  continued  for 
lOii  houiS  mere,  and  the  mercury  was  then  loechanicilly  scp>arated  An  excess  of  a  saturated  calcium  chloride  solution 
was  added  to  the  contents,  and  the  reaction  was  steam  distilled.  After  the  disiillaJion  of  the  solvent.  3.7  gor  22^ 
of  t;.c  tiieoieiical  of  italcim  i  based  on  benzoyl  peroxide  used,  was  obtained  in  tlic  residue.  Benzoic  acid  was  also 
isolated  -4.0  g  was  collected. 
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SUMMARY 

1.  The  pxjssibility  fcr  identifying  ali'yl  radicals  {for  example  inctliyl  radicals)  in  the  liquid  phase  by  fixation 
on  mercury  was  first  shown. 

2.  Methyl  mercury  acetate  was  obtained  in  a  yield  of  64.7^  by  the  thermal  decomposition  of  acetyl  peroxide 
in  benzene  in  the  presence  of  metallic  mercuiy. 

3.  A  new  ipethod  for  the  -synthesis  of  phenyl  derivatives  of  mercury  of  the  type  CjHjHgX  formed  by  the  thermal 
decomposition  of  benzoyl  peroxide  in  benaene  in  the  "presence  of  metallic  mercury  is  given.  Fhenyl  mercury  benzoate 
was  obtained  in  a  31.5^  yield. 

4.  The  thermal  decomposition  of  acyl  peroxide  in  the  presence  of  metallic  mercury  can  be  a  synthetic  method 
for  the  preparation  of  alkyl  and  aryl  meullo-organlc  derivatives  of  mercury, 

5.  Upon  the  thermal  decomposition  of  acetyl  peroxide  in  carbon  tetrachloride  in  the  p-esence  of  metallic 
mercury,  the  formation  of  mercurous  acetate  occurs,  along  with  the  chlorination  of  mercury  with  carbon  tetrachloride 
initiated  by  the  peroxide. 

6.  Benzoyl  peroxide  in  benzene  solution  at  room  temperature  gives  mercurous  benzoate. 
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CLEAVAGF  OF  LIGNIN  WITH  METALLIC  SODIUM  IN  LIQUID  AMMONIA,  V. 


A.  F.  Se.rechkir.a  and  N.  N.  Shorygina 

In  ihe  previous  coirnDunications  [1,2. 3,4. 5’  it  was  shown  that  fir  lignin  was  decomposed  by  the  action  of  a 
solution  of  metallic  sodium  in  liquid  ammonia  into  lower  .molecular  substances,  among  which  were  isolated 
dihydroeugenol  (1)  and  l-<4-hydroxy-3-methoxyphenyl)propanol  (2a)  or  (2b): 


HO 


V 


\ 


-CH(OH)-CHj-CH, 


OCH, 
(2  a) 


HO^^  ^^--CI^-CH(OH)-CH, 

OCH, 

(2b) 


It  was  proposed  that  formula  (2b)  was  more  correct  for  die  propanol  isolated  than  formula  (2a). 


In  the  present  investigation  lignin  isolated  from  aspen  wood  by  the  copper  anr'.'roriium  method,  was 
subjected  to  decomposition  with  merallic  sodium  in  liquid  ammonia.  The  experimcuul  conditions  and  method 
of  processing  of  the  reaction  .mixture  were  analogous  to  thOiC  reported  previously  for  experiinents  with  fu  lignin. 


It  was  found  that  aspen  lignin  was  more  extensively  cleaved  under  those  conditions  than  fir  lignin.  Thus, 
by  one  treatment  of  as.nen  lignin  with  sodium  in  liquid  ammonia.  17.66‘7-  (I  ♦  H)  of  monomeric  rubstances  soluble 
in  ether  and  lC7o  (IV)  of  lower  molecular  substances  soluble  in  water  were  obuined:  45.2^>of  uncleaved  lignin 
(III)  was  obtained.  Previously.  9. l4'-^cf  (I)  ♦  (IP  and  79,5^  of  (III)  were  cbtaLned  from  fir  lignin. 

Upon  a  second  treatment  of  aspen  lignin  with  sodium  in  liquid  ammonia.  G.S^tof  (la)  ♦  (Ila)  and  65<Jbof 
(Ilia)  of  the  substance  used  in  the  reaction  were  cbtaincd.  Two  fractions  were 
obtained  by  the  vacuum  di'tillation  of  (I)  The  firrt  was  found  to  be  dihydrocug- 
encl  (idcniriied  by  the  benzoaic).  the  second.  l-(3.5-dimeihoxy--:-hydrcxyphen- 
yl)propane  (3) 

This  substance  was  obtained  in  a  small  quantity  by  the  hydrogenation  of  maple  vrood  in  the  presence  of 
Raney  nickel  by  Hibbert  and  co-workers  [6].  It  was  identified  by  elementary  analysis  and  the  meltLng  point  of 
its  acetate  which  agreed  with  that  given  in  Hibbert's  paper.  TTierefore,  l-(3.5-dimeihoxy-4-h>xlrophenyl)  propane, 
as  well  asdihydoreugenol  (3)  was  extracted  with  ether  from  the  all  alme  solution. 

EXPERIMENTAL 

Preparation  of  aspen  lignin  by  die  copper  ammonium  method.  1G50  g  of  finely  pulverized  shavings  of 
freshly  cut  aspen  was  extracted  2  limes  with  dichloreihane.  Tlie  extracted  shavings  were  treated  2  times  with 
5^  aqueous  sodiu.m  hydroxide  solution  for  24  hours  at  room  temperature,  washed  with  water,  weak  acetic  acid, 
again  viih  water,  and  then  boiled  with  a  sulfuric  acid  solution  for  3  hours.  The  shaving?,  washed  and  air 
dned  after  this  treatment,  v«ere  shake.n  for  12  hour:  wirn  a  copper  ammonium  solution  in  a  bottle  filled  to  the 
top  with  the  solution.  1500  ml  of  solution  was  used  for  100  g  of  shavings.  The  undissolved  part  of  the  wood 
was  pressed  free  of  the  solution  on  a  large  gla»s  filter  (.No  1)  and  waslied  firs,  with  ammonia,  then  water,  dilute 
hydrochloric  acid,  and  again  with  water.  The  boiluig  of  the  residue  with  sulfuric  acid  and  the  shaking  with 
copjer  ammonij.m  solution  was  repeated  three  times.  The  yield  of  the  lignin  was  12‘iSj.  Found  C  57.69: 

H  5.73;  OCH,  20.48. 

Treatment  cf  lignin  with  metallic  sodiur.~!  in  liquid  ammonia.  15  g  of  lignin,  dried  to  constant  vreight 
ovei  PjOj  LT  a  vacuum  desiccator,  was  placed  in  a  reaction  vessel,  protected  from  moisture  and  in  a  Dewar 

vessel  with  dry  ca.lo.i  dioxide  and  acetone.  400  ml  of  liquid  ammonia  and  11.25  g  of  sodium  metal  in  2  portions. 
(6  g  the  first  ome  and  5.25  g  on  the  next  day)  weie  added  to  the  vessel.  The  reaction  mixture  was  mixed  daily, 
and  enough  liquid  ammonia  added  to  replace  that  lost  by  evaporation  sc  that  the  quantity  in  the  vessel  was  appro¬ 
ximately  400  ml.  After  tfie  decolorization  o\  the  solution  (7-8  days  after  the  start  of  the  reaction),  the  ammonia 
waj  evaporated,  and. its  remainder  swept  out  by  u  stream  of  dry  nitrogen  and  then  wet  ether  was  carefully  added  to 
^he  reaction  vessel.  Th.e  reaction  mixture  was  left  to  stand  oven^ht.  and  then  water  was  added  to  the  vessel  and 


HC/  ^“C1^-C1%-CH> 
OCH,  (3) 
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ali  of  its  contents  into  solution.  The  aqueous  alkalL* ••^  solution  was  extracted  wu.;  etbet.  me  ether  extracts 
were  combined  with  the  ether  used  for  thececc-iTposiiion  of  the  orjiar-o-roetallic  sodium  corrpouods.  The  extract 
dried  over  sodium  sulfate,  was  filtered  a'd  tlie  etlier  removed.  The  residue  (0,31  g)  was  a  light  >'ellow  oily  product  (I). 
The  aqueous  basic  liquid  was  acidified  to  Congo  with  IC^  sulfuric  acid  and  extracted  together  with  the  residue  of 
the  precipitated  iignir.  with  ether  in  a  reparaiory  funnel.  The  ether  extracts  were  dried  over  sodium  sulfate,  and  the 
ether  was  renxoved.  A  thick  brown  syrupy  liquid,  2.35  g  (II)  w'as  obtained. 

The  unattacked  lignin  which  precipitated  upon  the  acidification  of  the  solution,  was  filtered,  vrashed 
with  water,  and  dried  first  in  the  air,  and  then  over  phosphorus  pentcxide  in  a  dessicator;  it  was  a  powdered  ochre 
colored  substance  6.  TS  g  (III).  The  acidic  aqueous  solution  was  carefully  neutralized  to  litmus  with  a  sodium 
hydroxide  solution  ard  evaporated  in  vacuum  to  a  small  volume.  Upon  codling,  absolute  alcohol  was  added  to 
the  mixture  of  crystals  and  liquid  for  the  precipitation  of  the  sodium  sulfate.  The  mass  was  left  to  stand  over¬ 
night.  The  salt  crystals  were  filtered  and  washed  with  alcohol.  The  filtrate  and  the  wash  alcohol  were  evap¬ 
orated  to  a  small  volume  in  vacuum.  The  liquid  was  transferred  to  a  small  beaker,  and  the  residual  alcohol 
re.noved  in  a  vacuum  desiccator  over  sulfuric  acid.  A  brown  caramel-like  substance,  1.7  g  (IV),  was  obtained. 

Investigation  of  (D.  0.6  g  of  the  substance  (from  two  experiments)  was  redistilled  in  vacuum  at  0.1  mm. 

Two  fractions  were  obiaired;  1)  boiling  up  to  116* .  0.09  g.  a  yellow  transparent  liquid;  2)  a  colorless  oily  liquid, 
distilling  at  116*,  C.3  g.  A  benzoate  was  obtained  from  the  Ist.  fraction  by  the  Shottenbaumen  reaction  with  m.  p, 

74*  which  did  not  give  a  depression  in  a  mixed  meliitg  point  with  di  tydroeugenol  benzoate . 

The  2r.d  fraction  gave  a  crystalline  acetate:  0.22  g  of  the  substance.  0.2  g  of  glacial  acetic  acid 
0.13  g  of  acety’l  chlonde  were  boiled  for  1  hoar  in  a  small  flask  with  a  reflux  condenser.  The  content^  of  the 
flask  were  poured  on  2  g  of  ice.  The  acetate  came  out  in  the  form  of  an  oil.  it  was  extracted  with  ether.  The 
ether  extracts  were  dried  vrith  sodium  sulfate.  After  the  removal  of  the  ether,  the  substance  crysullized  at  once. 

The  white  crystals  which  were  recrysiallized  fro.m  alcohol  melted  at  8S-89*  . 

Found '5»:  C  65.37;  H  7.64,  Calculated  *5^:  C  55.52; H  7.61. 

Investigation  of  (iin.  The  lignin  (III)  sepc-iated  by  the  above  method,  which  was  not  cleaved  to  the  monomer, 
was  analyzed. 

Found  C59.43.  H  6.10;  OCH,  16.5;  OH  15.55. 

6  g  of  the  product  dried  over  PjOj.  was  subjected  to  a  second  ueatment  by  a  solution  of  metallic  sodium 
in  liquid  ammonia.  The  processing  of  the  reaction  mass  was  effected  as  for  the  lirst  time.  There  were  obtained: 

‘  la)  0.05  g  (l*?:).  (iia)  0.33  g  (5.5-7:),  and  (Ilia)  3.9  g  (65<5«). 

(3Ila)  was  a  powder  like  substance  similar  in  outer  appearance  to  the  starting  lignin. 

Found ‘9,;  C59.44.  H  6.10:  OCH,  15.7.  OH  15.00. 

SUMMA  RY 


1.  About  18^  of  the  starting  lignin  of  lower  molecular  substances,  soluble  in  ether  were  obtained  by  the 
action  of  a  solution  of  metallic  sodium  in  liquid  ammonia  on  cuprammonium  aspen  lignin,  which  is  about  2  times 
greater  thai?  the  yield  of  such  substances  from  the  fir  lignin  under  the  same  experimental  conditions. 

2-  l*(4-F|’dn5xy-3.5-dimcthoxyphenyl)  propane  and  dihydroeugenol  were  found  among  the  lower  molecular 
weight  products  of  the  cleavage. 
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investigation  or  GUMBRIN  and  ASCAMTE  as  dehydrating,  ISOMERIZING.  AND 

ALKYLATING  CONTACT  CATALYST 

V.  ALKYLATION  OF  ANILINE  BY  METHYL  ALCOHOL  IN  THE  PRESENCE  OF  GUMBRIN 

A.  V.  Kikvidze  and  Kh.  I.  Arcshidze 

The  alPylatiDn  of  aniline  wiih  methyl  alcohol  in  the  presence  of  various  catalysts  was  investigated  by  E.  and 
K  Sn)olend<y  [11  Dy  repeated  passing  of  the  monomethylaniline  obtained  together  with  methyl  alcohol  over  AlsOj 
at  300*.  they  obuined  up  to  95^  of  dimethylaniline.  The  action  of  kaoline  as  a  catalyst  was  found  to  be  analogous 
to  that  of  AI2O)*  roonomeihylanihnc  was  obuined  by  passing  anUine  and  methyl  alcohol  over  SiC^  at  300-320*. 

Bxtwn  and  Reid  {3j  investigated  die  action  of  silica  gel  on  the  alkylatlca  reaction  of  aniline  with  uiethyl,  ethyl,  n- 
pmpyi,  and  n-butyl  alcohols  and  found  that  the  catalyst  shows  activity  starting  at  3G5*.  the  reaction  product  contained 
olefins  and  aldehydes  in  addition  to  mono-  and  dialkylanilines.  N.  I  Shuikin,  A.  N.  Bytkova,  and  A.  F.  Ermllina  P] 
obtained  the  corresponding  moiwmethyl-  and  monoethylaniline  by  the  alkylation  of  aniline  with  ethyl  and  methyl 
alcohols  in  the  presence  of  the  mixed  catalyst  (AliOj  ♦  FcjOj).  The  following  was  reported  in  the  patents  [4.5.6]: 
a)  preparation  of  dumethylanilire  by  passing  a  mixture  of  aniline  and  rrethyl  alcohol  over  clay,  at  230*  ;  b)  preparation 
of  alkylanilLnes  in  the  presence  of  clay,  frakonite,  silica  gel,  and  others,  c)  preparation  of  mono-  and  dimethylanilinc  and 
mono-  and  dieihylaziline  by  passing  the  vapors  of  anilirc  and  dimethyl  and  diethyl  ethers  over  Al(OH)3  at  220-250*  . 
Certain  results  are  also  reported  on  the  alkylation  of  aromatic  hydrocarbons  in  the  presence  of  activated  clay  [7]. 

Gumbrn,  as  an  alkylation  catalyst,  was  stud.cd  by  Yu,  G.  Mamedalicv  [8],  alkyl  benz.er/^were  obtained  by  the 
alkylation  of  benner«  with  prop>lene.  K.  Lavrovsky.  A.  Mikhnovskaya.  and  L  Olenchenko  [9]  investigated  the 
alkylation  of  arulrcc  with  butene  in  the  presence  of  synthetic  aluminc-silicates  and  found  that  amines,  substituted 
in  the  ting,  are  iomned  as  intermeliates.  The  alkylation  is  accompanied  by  cracking,  destructive  alkylation,  and 
c>x:lization  with  the  fonnation  of  p-toluidene  as  the  main  reaction  p.-odoct.  N.  N.  Vorozhtsev  and  L  L  Ioffe 
[10]  obtained  r-a.-ryianiline  aiid  a  mixture  of  secondary  N'-alkyianilines  by  the  alkylation  of  aniline  with  isopropyl- 
ethylene  in  the  presence  of  actuated  kaolin  at  2G&*  and  pressures  of  about  30  atm. 

In  the  presera  investigation,  the  action  of  gumbrm  as  a  caulysx  for  the  alkylation  of  aniline  with  methyl 
alcohol  was  siudieil.  « 

EXPERIMENTAL 

Freshly  distilled  aniline  (b.  p.  182-183*  ,  d*/  I.O'OIS  n”!  586''')  and  methyl  alcohol  (b.  p.  65*  .d”  0.7911, 

1.3231),  were  used  for  the  cxperi.nents,  TV  .molecular  ratio,  methyl  alcohol:  aniline. 4:1. 

As  the  catalyst,  gu  ubrLn  in  the  form  of  small  beads  2-3  mm  in  diameter  initially  dried  first  at  room  tempera¬ 
ture.  then  in  a  thermostat  at  120-130* .  and  finally  in  the  reaction  tube  at  the  temperature  of  the  reaction  was  used. 

The  experiments  were  conducted  at  350.  400.  and  450*.  In  each  experiment,  the  mixture  of  aniline  and  methyl  • 
alcohol  was  passed  unifcrmly  into  the  reaction  tube  with  a  volume  velocity  of  0.0T5  liters  per  liter  of  catalyst  per 
hour.  The  reaction  product  was  separated  from  the  water  and  dried  over  KOH:  the  unreacted  methyl  alcohol  was 
then  distilled  off.  Since  it  was  presupposed  that  aniline,  mono-  and  dimethylaniline,  toluidene,  and  xylidene  weic 
present  in  the  catals'zate,  it  was  treated  with  phthalic  anhydride  by  means  of  Fora i-Ko» hits’  method  [ll)io  separate 
dimethylaniline  from  it.  In  spite  of  the  fact  that  the  mutual  dehydration  of  aniline  and  methyl  alcohol  occurred 
exteniively  acco.-dLig  to  the  analytical  data,  dimethylar.iline  could  net  be  found.  A  new  method  was  then  used  to 
separate  the  mixture  of  primary  and  secoridary  amines  [12].  after  its  applicability  was  tested  o*  a  synthetic  mixture 
of  aniline  and  mono  me  thy  I  aniline. 

As  result  of  the  investigatio.'i.  it  was  sliown  that  .mocomethylanilLne  and  a  mixture  of  toluidenes  were  obtained 
by  the  alkylation  of  aniline  by  methyl  alcohol  in  the  ;«esence  of  gumbric  (see  the  Table). 

The  composition  of  the  mixture  in  each  experiment:  aniline  31  g.  methyl  alcohol,  42.7  g. 

According  *0  the  boiling  point  density,  and  refractive  index,  the  monomethyl  aniline  obtained  was  fairly 
pure,  b  p.  194*  (“35  mm).  1.5T0C;  d*4  0. 9885.  Literature  date;  b.  p.  193.5“  (760  mm).  n“  *  1.57021; 

<1*4  0. 93912  [131 
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SUMMARY 


_ _ _  1,  Tlje  alkylation  of  aniline  with 

Experiment  No.  irethyl  alcohol  was  first  conducted  in  the 


1 

[ 

:  1 

1 

! — i - 

3 

pesence  of  gumbrin  as  a  catalyst,  and  mono* 
methylaniline  was  obtained  in  quantities  of 

Temperature  , 

;  350* 

400* 

450* 

37.9.  56.0.  and  28.9^  at  350.  400,  and  450*  . 

Volume  velocity  of  the 
catalyzLng  mixture  (liters 
per  liter  of  catalyst  per 
hour) .  1 

1  0.075 

0.(175 

0.075 

respectively. 

2,  Dimethylaniline  was  not  obtained 
by  the  alkylation  of  aniline  with  methyl  alcohol 
in  the  presence  of  gumbrin. 

Y icld  of  monomethylaniline 

(in  '?») . 

1  37.90 

■  56.02 

28.90 

3.  It  was  also  shown  that  toluidenes 
were  formed,  the  yields  of  which  were  5.9^  at 

Yield  of  toluidenes  (m^c). . 

5.90 

1  10.40 

J  14.05 

350* .  10.4v5»  at  400* .  arjJ  14.05^  at  450* . 
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SYNTHESIS  AND  TRANSFORMATION  OF  CERTAIN  DERIVATIVES 
OF  N.  N‘-DI-(r-HYDROX  YETHYLjAMiNOACElTc  aGID’  rt)  IH  Y  D  ROX  Y  ET  H  Y'LG  L  YCCCOL) 

L  DEHYDRATION  OF  DIHYDROXYETHYLAMINOACETIC  ACID 
N.  V.  Khromov  and  A.  Z.  Remi  ov 

The  chemistry  of  morpholine  and  its  derivatives  has  been  very  widely  developed  during  the  past  few  years, 
bat  compounds  with  the  morpholone  ring  still  remain  poorly  investigated.  N-Meihyl-  and  N-ethylmorpholone 
were  obtained  by  Knorr  [1.21  Kiprianov  and  co-workers  [3.4,5]  synthesized  a  series  of  alkyl  and  aryl  morpholones. 
These  papers  exhaust  the  investigations  on  the  morpholone  series,  so  that  many  of  even  the  simplest  members  of 
this  series  (as  for  example,  morpholone-2)  are  still  unknown  up  to  now.  N.N-Di(3-hydroxyeihyl)aminoacetic  acid  Is 
an  available  source  for  the  synthesis  of  derivatives  of  morpholone-2.  It  was  first  synthesized  by  Kiprianov  [6]  from 
ethyl  glycocolate  and  ethylene  oxide.*  As  a  result  of  the  reaction  between  the  above  substances,  the  formation  of 
nitrogen  substituted  mono-  and  dihydroxyethyl  derivatives  of  ethyl  glioocf  late  of  the  following  structure  could  have 
been  expected: 

HOCH,CH,NHCH,CCXX:,H,  (I)  and  (HOCH,CH,),NCH,COOC,H,  (II). 

However,  neither  orte  of  these  esters  was  isolated  from  the  reaction  mixture  by  Kipriarwv. 

After  the  corresponding  processing  of  the  reaction  products,  only  N.N-di(.'  -hydro xyethyl)  aminoacetlc  acid 
(III)  was  obtained  by  him,  which,  as  it  was  shown,  was  present  in  ihe  reaction  mixture  in  the  form  of  the  lactone  (IV): 


HOCH,— CH, 

^N-CHjCOOH 


/:h,-CHj 


HOCH,“CH,-N 


hcx:h,— CH, 
(in) 


\ 


ch,-co^ 

(IV) 


The  closing  of  the  lactone  ring  during  the  reaction  of  ethyl  glycocolate  with  ethylene  oxide  occurred,  as 
Kiprianov  showed,  very  easily  even  when  the  reaction  was  effected  at  room  temperature.  This  revealed  the  very 
low  stability  of  the  ester  of  the  dihydroxyethyl-derivative  (II),  which  could  not  be  isolated  for  this  reason.  The 
mutual  transformations  of  acid  (III)  and  its  lactone  (IV)  occur  without  any  great  ditficulty.  This  acid,  upon  dry 
vacuum  distillation  is  transformed  into  the  lactone  which  is  converted,  by  the  evaporation  from  an  aqueous  solu¬ 
tion,  or  even  in  a  wet  atmosphere,  into  the  starting  acid.  Kiprianov  also  showed  that  both  substances  are  found  in 
equilibrium  in  aqueous  solution,  although  it  is  greatly  shifted  in  the  direction  of  the  cleavage  of  the  lactone.  Only 
the  picrate  of  acid  (III)  and  the  chloroplatinate  of  its  lactone  could  be  obtained  by  Kiprianov  as  derivatives  of  these 

uo  ccnj^nd,,^_|hf 

acid,  including  those  containing  a  morpholone  ring. is  reported. 

The  starting  dihydroxycthylaminoacetic  acid  (H0C,H4),NCH,C00H  was  not  synthesized  according  to 
Kiprianov,  but  by  means  of  a  method  developed  by  the  authors,  from  diethanolamine  and  monochloroacetlc  acid. 

Such  a  method  for  the  preparation  of  dihydroxyethylglycocol  is  favorably  different  from  that  using 
ethyl  oxide  because  of  its  simplicity  (it  does  not  require  that  the  reaction  be  conducted  under  pressure  as  does 
Kiprianov’s  method),  and  because  it  gives  a  final  product  with  a  high  degree  of  purity  in  good  yield.  By 
heating  the  acid  obtained  to  its  ntelting  point,  its  lactone,  hydroxyethylmorpholonc,  was  prepared.  The  picrate 
and  plcrolonate,  unreported  in  literature,  were  obtained  from  it. 

By  heating  dihydroxyethylglycocol  with  an  excess  of  hydrochloric  acid  in  vacuum,  a  salt  like  compound 
was  obtained  which  corresponded  to  the  formula  CsHnNO,-  HCl.  accoruing  to  analytical  results,  which  could 
he  assigned  the  structure  of  either  N-hydroxyethyl  morpholine  hydrochloride  or  4-morpholyl  acetic  acid  hydro¬ 
chloride.  Both  of  these  compounds,  being  isomers,  could  have  been  formed  as  the  result  of  the  dehydration  of 
Oihydroxyethylaminoacetic  acid  by  one  of  the  following  schemes- 

•  Later  Lyubomudrov  [7]  obtained  dihydroxyethylglycocol  from  diethanolamine,  KCN,  and  formaldehyde. 


HCX;OCH, — 

CH,— CHjOH 


CHr- CH,^ 

/  \ 

HOCOCH,— N  .  •  HCl  ♦  H,0. 

CH, 


Since  the  physical  constants  of  bo&  hydrochlorides  were  unknown,  and  attempts  to  obtain  hydroxyethyl* 
rrjorpholoae  hj’drochloride  from  the  base  and  hydrogen  chloride,  in  the  usual  manner  in  a  non-polar  solvent,  were 
found  to  be  unsuccessful  (hydroxyethylmorpholone  is  very  unstable  and,  on  contact  with  moisture,  more  so  in  the 
presence  of  HCl,  was  rapidly  hydrolyzed),  the  synthesis  of  morpholylacetic  acid  hydrochloride,  unreported  in  the 
literature,  was  undenaken.  It  was  obtained  fron  morpholine  and  inonochloroaoc tic  acid,  and  is  a  white  crystalline 
powder  with  m.  p.  1G9-1T0*  .  Since  the  hydrochloride  of  unknown  structure  obtained  from  dihydroxyethylglycocol 
and  hydrochloric  acid  melted  at  139-141*  and  possessed  properties  differing  from  morpholylacetic  acid  hydrochloride 
(solubility,  crs-stal  form.  pH  of  aqueous  solution),  the  structure  of  h-hydroxyethylmorphoior*c  must  be  assigned  to  it. 

This  compound  is  rapidly  hydrolj'zed  in  aqueous  solution,  and  is  transformed  into  dihydroxyethyl  glycocol  hydrochloride, 
which  results  in  a  drop  in  die  pH  of  the  solution  since  hydroxycthylmurpholone  is  a  stronger  base  than  dihydroxyethyl¬ 
glycocol.  Fig,  1  shows  graphically  the  change  of  pH  with  time  of  a  0.C125  molar  hydroxyethylmorpholone  hydrochloride 
sc-lution  In  order  to  prove  that,  in  the  above  case,  the  formation  of  dihydroxyethylglycocol  hydrochloride  really 
occurred,  the  curve  cf  the  potentiometric  titration  of  an  authentic  solution  ofdiiiy  lro>:yeihylylic<5col  hydrochloride 

with  0.1  N  alkali  wasco.npared  with  that  lor  the  solution  of  hydroxycthylmorpho- 
lonc  hydrochloride  which  had  initially  been  allowed  to  stand  until  the  acidity 
had  achieved  a  prcdetermi*Kd  maximum.  Fig  2  gives  both  tlic  curves.  Tlieir 
almost  complete  superimposition  shows  tliat  the  same  substances  had  been 
titrated  in  both  cases,  namely,  dihydroxyethylglycocol  hydrochloride. 

Both  electrolytic  dissociation  constants  were  determined  for  dihydro- 
xyethylaminoacetic  acid  by  potentiometric  titrajrion  which,  at  11*.  were 
found  to  be  equal  to:  basic  constant,  Kqh **  *•  acidic  constant 
0  It  10  io  iO  so  6b  ■  *  .  or  according  to  Bjorrum.Koii*  lu  *  *  and  Kh  *  1C  *  ?  - 

Fig.  1 

Interesting  properties  were  found  during  the  preparation  of  hydroxyeihyl  morpliolone  picrolonate.  It  was  a 
yellow  crystalline  powder  with  m.  p,  205-20t>* .  very  slightly  soluble  in  methanol.  However,  upon  continued  heat¬ 
ings  his  solvent,  taken  in  a  quantity  not  sufficient  for  complete  solution  of  the  substance.  gradually  went  into  solution, 
fro.m  which,  upon  cooling,  a  voluminous  precipitate  of  a  new  substance  with  two  melting  points  formed;  initially,  it 
melted  at  150-152*  ,  evolving  a  gaseous  product  (frothing)  ;  then  it  rapidly  solidified  and  again  melted  at  203-205*  . 

But,  if  the  capillary  with  the  samples  of  substance  is  heated  gradually,  starting  at  a  temperature  not  higher  than  108-110* 
then  there  is  no  melting  at  150-152*  ,  and  the  substance  only  melted  once,  at  203-205*  .  A  mixed  melting  point  of 
the  new  substance  and  the  starting  hydroxyethylmorpholone  picrolonate  conducted  in  this  manner,  (i.e.,  gradually 
heating  the  capillary)  did  not  give  a  depression.  Therefore,  the  substance  obtained  evolved  some  sort  of  gaseous 
product  on  heating  and  was  transformed  into  hydroxyethylmorpholone  picrolonate.  Sirice  it  was  found  that  a  sub¬ 


stance  with  exactly  the  sanre  properties  (two  melting  points)  was  obtained  by  dissolving  dihydroxyethylglycocol 
in  the  presence  of  excess  picrolonic  acid,  it  was  suggested  that  it  was  dihydroxyethylglycocol  picrolonate.  which 
loses  water  on  heating  and  is  transformed  into  hydroxyethylmorpholone  hydrochloride.  In  addition,  elementary  ana¬ 
lysis  showed  that  the  compound  investigated  had  an  e.mpirical  formula  of  CnHuNjO,  ,  which  differs  from  that  of 
hydroxyethylmorpholone  picrolonate,  CjfHiyNjOi , by  one  molecule  of  methanol.  CH^O,  The  problem  whether  or 
not  the  methanol  was  alcohol  of  crystallization  or  constitution,  was  answered  simply:  the  substance  did  not  change 
both  properties  after  two  recrystallizations  from  acetone(by  ether  or  ethanol),  and  it  was  evident  that  the  methanol 
enters  into  the  composition  of  the  molecule  of  the  substance  which  must  be  assigned  the  structure  of  methyl  dihydro- 
xyethylair.inoacetate  picrolonate. 


€22 


Such  an  ester  could  have  been  Tormed  as  a  result  of  the  alcoholysis 
of  hyiiroxyeihyliDorpholoce  the  reaction: 


O  C,H/)H  ♦  CHpH 

CHj— CIV 


CHjOCOCH,— N 


CH,-CH,OH 


CH,— CHjOH 


Fig.  2.  1)  Hydroxyeihylmorpho- 
Icne  hydrochloride:  2)  dihjtiroxy- 
ediylgl>-cocol  hydrochloride. 


As  had  already  been  found,  this  type  of  dihydroxyethylaininoaceiic  acid 
esters  cannot  be  isolated  in  free  form  since  they  cyclize  quite  readily:  for  this 
reason  it  did  not  appear  to  be  possible  to  obtain  methyl  dihydroxyethylaminoacctatc 
picrolonate  directly  from  the  ester  and  picrolonic  acid. 

In  order  to  prove  the  correc'r»ess  of  the  conclusion  on  the  structure  of 
the  new  compound,  an  analogous  reaction  between  hydroxyethylmorpholone 
jPicrolonate  and  ethyl  alcohol  was  performed.  In  this  case,  as  was  expected, 
ethyl  dibydroxyethyla.-rinoacetate  picrolonate  should  have  been  obtained, 
indeed,  the  substance  obuined  as  a  result  of  such  a  reaction  accurately  corres* 
ponded  in  elementary  analysis  to  the  desired  ethyl  dihydroxyethylaminoacetate 
picrolonate,  and  also  had  two  melting  points.  It  is  of  interest  that  the  reaction 
between  hydroxyethylmorpholo.ne  picrolonate  and  alcohols  proceeds  the  more 
slowly,  the  more  carefully  the  alcohol  is  dried;  for  this  reason  hydroxyethyl¬ 
morpholone  picrolonate  can  be  recrystallized  from  anhydrous  .methanol 


and  ethanol  without  any  risk  of  contaminating  it  with  alcoholysis  products.  Conversely,  if  the  alcoholysis  isdesired, 
then  it  is  necessary  to  use  wet  alcohol,  or  even  to  add  specially  a  small  amount  of  water  to  the  reaction  mixture, 
which  leads  to  a  considerable  increase  in  the  reaction  rate. 

Such  an  effect  of  water  on  the  course  of  the  reaction  makes  it  possible  to  suppose  that  the  formation  of  the 
ester  of  dihydroxyethylglycocol  is  preceded  by  the  hydrolysis  of  hydroxyethyl  morpbolone,  which  is  completely 
logical  from  the  p.*operties  of  this  compound.  The  subsequent  esterification  of  the  dihydroxyethylaminoacetic  acid 
formed  is  catalyzed  by  the  hy’drogen  atoms,  whose  soiree  is  picrolonic  acid.  The  esterification  product,  methyl  or 
ethyl  dihydrocyethylarr.inoacetate.  unstable  in  free  state,  is  stabilized  by  being  transformed  into  the  picrolonate. 

EXPERIMENTAL 

N.  N-Di-fi^iydroxyethyliaminoacctic  acid  (dihydroxyethylglycocol).  14.1  g  (C.15  mole)  of  monochloroacetic  acid 
was  dissolved  in  25  ml  of  water,  and  neutralized  w»  h  cooling,  (temperature  not  higher  than  30*  )  with  12  ml  of  a 
50  *>0  NaOH  solution  until  neutral  or  weakly  basic  to  1  itmus.  The  solution  of  sodium  monochloroacetate  obtained  in 
this  manner  was  added  to  16  g  of  diethanola.nine,  ana  the  mixture  refluxed  until  complete  disappearance  of  an  alka¬ 
line  reaction  or  billiant  yellow  paper,  which  required  3-4  hours.  The  solution  was  then  evaporated  to  dryness  on  the 
water  bath,  and  the  dry  residue  was  boiled  with  150  ml  of  8C^  methanol  until  completely  in  solution.  The  solution 
was  filtered  hot  and  left  to  crystallize.  The  cry'stalline  mass  wfiich  precipitated  was  filtered,  washed,  first  with,  small 
amounts  of  methanol,  and  then  with  acetone.  Yield  17.5-17.8  g  KL  p.  179-183 *•.  The  methanol  was  removed  from 
the  modier  liquor,  and  the  residue  was  evaporated  on  the  water  bath  to  completely  remove  the  sol*  -nts  and  to  a  trans¬ 
formation  into  a  thick  crystalline  paste,  which  was  then  treated  with  ethanol,  sucked  in  a  filter  (under  vacuum),  washed 
with  ethanol  and  acetone,  and  dried.  The  dry  powder  was  boiled  with  40-50  ml  of  80^  methanol,  the  solution  filtered 
from  the  residue,  and  after  cooling.  2-3  g  of  a  product  with  m.  p.  175-180*  precipitated  from  it. 

The  total  yield,  therefore,  was  about  20  g  or  80-82*3oof  the  theoretical.  After  one  recrystallizaiion  from  80^ 
methanol,  the  substance  slowly  melted  at  190-192*.  frothing  from  the  separation  of  water.  Because  the  melting  point 
of  dihydroxyethylglycocol  was  lowered  considerably  if  the  sample  was  kept  for  a  long  lime  at  high  temperatures,  the 
heating  of  the  capillary  with  the  substance  was  begun  at  180-190*  . 

N-<  £  -Hydroxyethyl)  morpholone  5  g  of  dihydroxyethylglycocol  with  m.  p.  189-192*  was  placed  into  a  flask  of  the 
corresponding  size  for  vacuum  disullation.  The  flask  with  the  subsunce  was  placed  into  a  metal  bath  preheated  to 
200-210*  ,  and  the  heating  continued  until  complete  cessauen  of  the  evolution  of  water  vapor  (which  could  be  judged 

•  Here  and  in  other  parts  of  the  text,  the  temperature  is  corrected  for  the  exposed  mercury  column. 
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by  rhe  complete  stopping  of  frothir.gl,  bet  no  more  th.i”!  miputes.  Ti.e  fh’.-k  •■•as  then  cook 

fitted  with  stoppers  (with  capillary  and  thermometer)  connected  to  the  \av>ium.  and  its  cOi.tCi  ts  disti  e  co  eel 
ing  a  fraction  boiIi'.>g  a:  X62-164*  at  3  mrr.  Yield  3.S  4.0  p  or  8S*5>C'>-  of  the  theoretical,  Tlie  hydrox> ethyl mor 
pholone  obtained  m  this  manrer  was  a  colorless  glycerine'-  Irl  e  li^'uid  readily  soluble  in  water  a  d  i .  all  of  t!ie 
common  organic  solvents,  with  the  exception  of  ether  a.nd  saturated  hydrocarbons.  B.  p.  163  1  8  (.  inn), 

1"4*  (5  ini:;) 

N  Hvdrory  ct:.\i.njrrholone  picrate.  1.2  g  of  hydrosyethyl.morpholone  was  dissolved  in  2  3  ml  of  absolute 
beraene  and  mixed  with  «  hot  solution  of  1.9  g  of  picric  acid  in  10  ml  of  absolute  bc.nzene.  Tlie  ora.ige  oil  which 
separated,  crystallized  on  standir.g.  The  picrate.  recrystallized  from  absolute  alcohol,  rrelted  at  136-13  8  It  was 
readily  soluble  in  acetone  and  glacial  acetic  acid.  It  was  insignificantly  soluble  in  water  and  other  common  solvents. 

0.2154  g  substance;  0.3052  g  CO^:  0.0750  g  HjO,  0.2494  g  subsunce:  0.3536  g  CC^:  0.0877  g  H2O.  0.1205 
g  substance;  15.9  ml  (21*.  754  mm).  0.1167  g  substance:  15.1  ml  (20*  ,  751  mm).  Found  ^  C  38.67,  ".g.C9; 

H  3.85.  3.03;  N  15.20,  l‘hCC.  CuHuN40jo.  Calculated  C  38.50:  H  3.77;  N  14.97. 

N-Hydroxyediylmorpholone  picrolonate.  It  was  prepared  by  mixing  a  hot  concentrated  solution  of  pictoionic 
acid  (in  absolute  alcohol)  and  a  berziene  solution  of  hydroxyethylmorpholone.  Both  components  were  used  in  equi- 
molecular  ratio.  The  precipitated  crystalline  residue  was  separated  from  the  motner  liquor  and  washed  on  the  filter 
with  a  small  amount  of  alcohol,  and  then  with  ether.  The  substance,  recrystallized  from  drv  nnethanol.  was  a  dark 
yellow  crystalline  powder  (under  the  microscope  long  well  formed  prisms)  with  m.  p.  205'2'jU*  (with  decomposition), 
very  soluble  in  acetone  and  glacial  acetic  acid,  slightly  in  water  and  the  lower  alcohols  (ir  the  cold),  and  insoluble 
in  ether  and  hydrocarbons. 

0.2404  g  subsUnce  0.4152  g  CO^;  0.1068  g  .4,0.  C.1399  g  substance:  0.2438  g  CC\:  0.0613  g  H,0.  0.0975 
g  substance:  14.7  mi  N,  (20*  ,  752  mm).  0.1084  g  substance:  16.0  ml  N,  (20*.  752  mm).  Found  ^  C  47,13.  47.45; 

H  4.97.  4.90:  N  17.38,  17.01.  Calculated  ‘Jfc;  C  46.95;  H  4.68:  N  17.11. 

Methyl  dihydroxyethylaminoacetatc  picrolonate  10  g  of  hydroxyethylmorpholone  picrolonate  was  refluxed 
in  a  small  flask  with  8-12  ml  of  methanol  to  which  0.3-0. 5  ml  of  water  was  added  (to  accelerate  the  reaction).  .After 
v'-5rriinutes.  everything  dissolved.  The  heating  was  continued  for  5  7  minutes  more,  and  the  almost  completely  trans¬ 
parent  solution  was  left  to  crystallize.  The  methyl  dihydroxyethylaminoacetate  which  formed,  separated  in  the  form 
of  jright  yellow,  well  formed,  long  needles,  which  were  frequently  visible  to  the  naked  eye.  Tlie  substance  crystal¬ 
lized  very  well  from  methanol,  and  had  two  melting  points.  First  it  melted  at  150-152*.  frothed,  and  rapidly  solidified. 

Upon  further  heating,  the  second  melting  point  occurred  at  203-205*  (with  decomposition).  If  the  capillary  with  the  sample 
was  heated  gradually  starting  with  a  temperature  below  100-120*.  then  the  substance  melted  orly  once,  i.  e.  at  203-205*. 

The  compound  retained  all  of  its  characteristic  properties  after  recrystallization  from  acetone  by  ether,  ethanol  by 
acetone.  Methyl  dihydroxyeftyl  aminoacetaie  picrolonate  was  also  obtained  by  dissolving  dihydroxyethylaminogiycocol 
in  boiling  methanol  solution  of  picrolonic  acid. 

0. 1443  g  substance;  0.2464  g  CO^;  0.0704  g  H,0.  0.1696  g  substance;  0.2886  g  CO^:  0.0805  g  H,0.  0.1220  g 
subsunce :  16.8  ml  N,  (24*.  768  mm).  0.1147  g  substance.  15.9  ml  K,  (2^*.  774  mm).  Found  'Jb:  C  46.60,  46.44;  11  5.46 
5.31;  N  15.99,  16.23.  Calculated  ‘Jk:  C  46.26;  H  5.25;  N  15.86. 

Ethyl  N?^“dihydroxyethylaminoacetate  ethyl  dibydroxyglycocolate  picrolonate.  1.0  g  of  N-hydroKyethylmorpho- 
lone  picrolonate  was  boiled  (in  a  test  tube  with  reflux  condenser)  with  8  ml  of  ethanol  to  which  0.5-0.7  ml  of  water  had 
been  added  (to  accelerate  the  reaction).  After  8-10  minutes,  the  residue  dissolved  completely.  The  boiling  was  continued 
for  5-7  minutes  more,  and  the  residue  was  then  allowed  to  crysullize.  The  precipitated  crystals  were  separated  from  the 
mother  liquor  and  washed  with  benzene  and  ether.  The  product  obtained  in  this  manner  consisted  of  a  mixture  of  the 
suiting  hydroxyethylmorpholone  picrolonate  and  ethyl  dihydroxyethylamino  acetate  oicrolonate.  Both  of  these  substances 
are  not  very  different  Irom  each  other  in  solubility  and  crysullizing  properties.  However,  after  a  long  series  of  fractional 
crysullizatiois  from  absolute  alcohol,  ethyl  dihydroxyethylaminoacetate  picrolonate  was  obtained  in  almost  pure  for.m  and 
was  in  the  form  of  bright  yellow  long  thin  needles  collected  into  surlike  aggregates.  The  substance,  like  the  analogous 
methyl  ester  melted  first  at  138-139*  (upon  heating  the  sample  starting  at  130-132*).  tnen  rapidly  solidified  and  melted  once 
more  at  202-204*  (with  decomp).  On  the  gradual  healing  of  the  capillary  with  the  sample  staning  below  120-130*:  the 
subsunce  melted  only  once,  namely,  at  202-204*. 

0.1260  g  subsunce:  0.2204  g  CO,;  0.0631  g  H,0.  0, 1348  g  subsunce :  0.2348  g  CO^;  0.0658  g  M,0  C.  1 052  g  sub¬ 
sunce  :  14.5  ml  N,  (24*  .  748  mm).  0.0893  g  subsunce;  12.3  ml  (25*.  754  mm)  Found  C  47.73.  47.50;  H  5.60 
5  ■:$:  N  15  50;  15.60  CuH,5NjO^  Calculated  C  47.47;  H  5.53;  N  15.38. 
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K-Hydrox>'ethylr!iorpholone  1^’drochloride.  5  g  of  dihydroxyethyl  g!ycocol  was  dissolved  in  5  ml  of  C.  P. 
hjdrochlcric  acid  (d.  1.19),  and  the  solution  obtained  evaporated  in  vacuum  starting  at  the  temperature  of  boiling 
water,  and  finally  at  130-140*  (on  a  glycerine  bath).  The  reaction  was  snapped  when  the  formation  of  gas  bubbles 
ceased  in  the  layer  of  the  thick,  transparent  liquid.  After  cooling,  the  semi-solid,  amorphous  mass  (resembling  red  glue 
in  surface  appearance)  obtained  in  this  manner  was  treated  with  6-T  ml  of  boiling  absolute  alcohol.  The  crystalline 
residue,  poorly  soluble  in  alcohol  formed  in  this  manner,  was  filtered  and  washed,  first  with  small  amounts  of  acetone, 
and  then  with  ether.  Yield  4.3~l-.5  g  or  78-60'^  of  the  theoretical.  The  rabstance  was  a  white  crystalline  powder  which 
cr^-stallized  from  absolute  methanol  in  ti;e  form  of  colorless  prisms  with  sharp  angles  with  m.  p.  139-141*:  it  was 
readily  soluble  in  water,  hot  methanol,  and  glacial  acetic  acid.  Its  solubility  in  all  other  common  solvents  is  very 
smaU. 

0.1761  g  substance:  0.2568  g  CO^:  0.1072  g  H,0.  0.1823  g  subsunce:  0.2624g  CO,;  0.1112  g  H,0.  0.3438 
g  substance:  23.2  ml  N,  (23*.  752  mm),  0.2164  g  substance:  14.45  ml  1^  (2i*  ,  746  mm).  0.1768  g  substance: 

0.*409  g  AgCL  0.1440  g  sutstance;  0.1138  g  AgCl.  Found  <5.:  C  39.80.  39.28;  H  6.81.  6.83;  N  7.70.  7.88;  Cl  19.72. 
19.55.  C,HnNO,Cl.  Calculated  C  39.68:  H  6.66;  N  7.71;  Cl  19,53. 

Potentiometric  measurements.  The  potentictr^tric  deter.mination  be»  reported  were  effected  with  a  vacuum 
tube  GlPKh  potentiometric  syssmwith  glass  electrodes  and  calomel  polyelement  as  the  electrode  with  the  standard 
potential.  The  characteristics  of  the  glass  elecuode  were  determined  graphically  by  points  obtained  by  the  regia- 
tration  of  the  milllvoltmeter  readings  of  the  potentiometer  while  the  electrodes  were  Immersed  in  a  buffer  solution 
with  an  accurately  established  pH.  The  characteristic  line  of  the  glass  electrode  constructed  in  this  manner,  with 
rufficient  accuracy  corresponded  to  the  equation: 

y  =  0.115x  ♦  0.10. 

where  ^1$  the  pH  of  the  solution.  £.  the  reading  of  tlje  apparatus  (mV). 

Observation  of  the  change  of  pH  of  the  solution  of  N-hydroxyethybr.crpholone  hydrochloride  with  time. 

A  sample  of  0.1815  g  (C.OOl  mole)  of  hydroxyeihylmorpholone  hydrochloride  was  dissolved  in  80  ml  of  double 
distilled  water.  The  potentiometric  measurement  of  the  hydrogen  ion  concentration  was  made  for  the  0.0125 
molar  solution,  prepared  in  this  way,  over  a  determined  interval  of  time. 


The  results  obtained  are  given  in  Table  1. 
TABLE  1 


Time 
(in  min.i 

Reading 
(in  mV) 

pH  of 
solution 

Time 

(in  min.) 

Reading  - 
(in  mV)  ‘ 

pH  of 
solution 

0 

24.5 

2.9 

i  14 

^  ' — T 

19 

2.3 

2 

22.5 

2.7 

I  23 

18 

2.15 

4 

22 

2.6 

i  45 

16.5  • 

2.0 

5 

21 

2.5 

1  65 

16.5  1 

2.0 

8 

20 

2.4 

1 

, 

•  % 
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As  is  apparent  from  the  results  in  Table  1, 
the  acidity  of  the  solutions  of  hydroxyethyb 
morpholorte  hydrochloride  increase  quite  rapidly 
with  time,  which  was  related  to  the  hydrolysis 
of  hydroxy  ethyl  morpholone  to  form  dihydro- 
xyethylaminoacetic  acid. 

Potentiometric  titration  of  hydroxyethyl- 
morpholone  hydrochloride  with  0. 1  N  NaOH 
solution  .  After  the  prepared  0.0125  molar  solu¬ 
tion  of  hydroxyeihylmorpholone  hydrochloride  had 
stopped  changing  its  pH  (see  above),  it  was  titrated 
potentiometrically  with  0.1  N  NaOH.  The  results  of  the  titration  are  given  in  Table  2. 

Potentiometric  titration  of  a  solution  of  dihydroxyethylaminoaceticf  d  thydroxyethylglycocol)  hydrochloride. 

An  0.0125  molar  solution  of  dihydroxycthylaminoacetic  acid  hydrochloride  t  ui63  g  of  the  acid,  10  ml  of  O.IN  HCl. 

•  0  ml  of  water)  was  prepared  and  titrated  potentiometrically.  The  results  are  given  in  Table  3. 

As  is  shown  by  comparison  of  the  results  of  titrations  of  the  solution  of  hydroxyethylmorpholone  hydrochloride 
*nd  d.hydroxyeihylglycocol  hydrochloride  (Table  2  and  3).  the  same  substance  was  titrated  in  both  cases,  namely, 
dihydroxyethylglycocol  hydrochloride. 

Therefore,  hydroxyethylmorpholone  hydrochloride  is  transformed  in  aqueous  solutions  to  the  same  salt  of  di¬ 
hydroxyethylglycocol. 


L>e:e::r;-;a:.D-  tiie  a)nffar.ts  of  N  N  ^.r.-.d:owe:rvIaTrinoac£t.c_»£ld  The  determmaiion  of  the 

io.iization  co-*:ta'is  ^acicir  a'-.d  bask)  of  dihvd:oxveti:»jan!:-.oacetic  acid  was  maoc  by  inea-is  of  the  pti  at  the  half 
equivalent  poL'ts  L'.  or.e  case  bv  t-L  .tior'  vi±  acid  a'.d  i-  'he  other  with  base.  For  the  deierii^inatior  of  the  acidic 
ionization  constani.  5  w.l  of  exaciiy  0  1  S  NaOH  vas  added  to  5C  rri  of  an  C,  u2  molar  soluuon  of  dihyoroxyctliylamino- 
acetic  acid  a-'d  the  pH  was  measured  fa*  19*),  It  was  fo-nd  to  be  equal  to  8  5.  Therefore,  the  apparent  constant  of 
acidic  ionirat-o  .  ..  co^al  to  1C**  '  at  ne  above  tenr.r'erai'are.  For  the  analogous  determination  of  the  basic  ionization 
constant,  a  solutio  of  the  arri  'o  acid  contai”irj;  exactly  C  001  mole  in  '"C  ml  was  prepared.  A^ter  the  addi.ion  of 
exactly  5.0  ml  of  exactly  0.1  N  HCl,  the  pH  o*’  the  so’uT;on  was  found  to  be  equal  to  2.3.  Since  the  measurement  was 
effected  at  19  *  ;  a.-d  si-xe  the  ion  product  of  water  at  t.nis  icniperariire  is  equal  to  ICT-**.  .the  apparent  basic  ionization 
constant  (basicity  constant)  of  cihydroxyethylaminoacetic  acid  is  pqual  to  13-^^  *.  The  true  coniants  (according  to 


Bjorru.Ti)  most,  therefore,  be  equal  to  tne  acidic.  IC"*  *,  and  basic.  Id 


TABLE  2 

TABLE  3 

0.1  NblaOH 

j  Reading 

'  ■ ! 

pH 

0.1  N  NaOH 

Reading 

pH 

(in  ml) 

(in  mV) 

■f 

(in  ml) 

.  (in  mV) 

t 

C.C 

j  16,5 

2.0 

0.0 

;  15  5  i 

1  1.9 

5.0  ! 

i  19.0 

2.3 

0.5 

•  17.0  ! 

!  2.1 

9.0  1 

1  26.5 

3.2 

2  0 

17.5  ; 

!  2.1 

•9.2 

27.0 

1 

f 

3.2 

3.0 

18.0 

2.2 

9.4 

29.0 

3.4 

5.0 

19.0 

2.3 

9.6 

30.0 

3.55 

7.0 

21.0 

2.5 

9.8  ; 

32.0 

3  8 

8.0 

22,0 

2.6 

9.9 

36.5 

4.3 

8.5 

,  23.0  ' 

'  2.7 

10.15 

47 

5.5 

9.0 

•  25  0  •  j 

1  3.0 

10.25 

57 

6.6 

9.5 

,  27.0  1 

1  3.2 

10.45 

60 

7  0 

9.75 

;  29.0 

3.4 

10.7 

62 

1 

7.2 

9.95  1 

i  38.0 

4.5 

11.0 

64 

7.4 

10  2  1 

i  54.0 

6,3 

11.5 

66 

7.7 

10.45  j 

60.0 

710 

12.0 

68 

7.9 

11  0  j 

64 

7.4 

11.45  { 

65.5 

7.6 

SUMMARY 

1.  It  was  shown  that  N-h>croxyethylmorpholone  hydrochloride  is  formed  by  »hc  dehydration  of  N.N-di- 
(.-  hydroxyethyl)  aminoacetic  acid  hydrochloride. 

2.  A  series  of  new  derivatives  of  N-hydroxycihylmorpholone  was  synthesized:  picrate.  picrolonate,  hydro¬ 
chloride.  and  their  properties  were  studied. 

3.  It  was  shown  that  hydroxyethylmorpholone  pic-olonate  is  readily  transformed  into  the  corresponding  methyl 
and  ethyl  dihydroxyethylaminoacetate  picrolonatcs  by  treatment  with  methanol  or  ethanol.  This  series  of  esters  is 
unknown  in  the  free  form,  and  this  is  the  first  preparation  of  their  picrolonatcs.  The  role  of  water  Is  this  reaction 
was  explained. 

4.  The  electrolytic  dissociation  constants  of  dihydroxyethylglycocol  were  determined. 

LITERATURE  CITED 

[1]  Knorr,  Ann..  307,  199  (1899). 

[2]  Knorr.  Srnidt.  Per..  31.  1073  (1898). 

[3]  A.  I  Kiprianov.  Ukr.  Chem,,  !;,  1.642  (1925). 

[4]  A.  I.  Kiprianov.  Uk.r.  Chem  L.  4.231  (1929). 

[5]  A.  I.  Kiprianov.  A.  P  Tiselsky.  and  I  K.  Ushenenk).  Trans.  Kharkov  State  Univtrsiiy,  3.  45  (1936). 

[61  A.  I  Kiprianov,  tjKr.  Chem  I.  2.  236  (192^. 

ri  Lyubomudrov.  Ukr.  Chem.  I..  11.  119(1936). 

Received  September  19.  1952 


} 


ON  THE  QUESTION  OF  THE  PREPARATION  OF  p-N  IT  ROT  RIPHE  N  Y  L  A  M INES 

P.  M.  Bugai 

Various  methods  [1]  are  encountered  in  the  literature  for  the  preparation  of  4-nitroiriphenylamine,  4,4'-dinitrO' 
iri  phenyl  a  mine,  and  4,4',4*-trinuroiriphenylamine  wherein  each  substance  is  obtained  separately  under  defined 
conditions.  Using  Heydrich's  method  [2,3]  for  the  preparation  of  4-nitrotriphcnVlam:ne.  this  product  could  not  be 
obtained  in  perceptible  amount.  It  was  shown  that  dinitro-  and  trinitrotriphenylamine  were  formed  under  the 
given  conditions.  Or.  charging  2  g  of  triphenylamine  and  24  g  of  glacial  acetic  acid  into  a  flask,  only  part  of 
the  triphenylamine  dissolves.  Then  orj  introducing  gradually  4  g  of  a  nitrating  mixture  (consisting  of  6  parts 
by  weight  of  fuming  nitric  acid,  d  1.4S,  and  10  pans  by  weight  of  glacial  acetic  acid),  an  excess  of  niuic  acid 
is  created,  and  the  reaction  favors  the  formation  of  dinitro-  and  trinitrotriphenylamine,  aince  the  undissolved 
part  of  the  triphenylamine  does  not  take  part  in  the  nitration  reaction. 

To  prove  this  assumption,  the  following  treihod  was  used:  immediately  after  the  addition  of  all  of  the 
nitrating  mixture,  tne  residue  of  the  triphenylamine  was  filtered  and  once  more  dissolved  in  24  g  of  glacial 
acetic  acid  to  complete  solution,  and  up  to  2  g  of  the  nitrating  mixture  was  added.  The  heating  conditions 
were  those  recommended  in  the  method.  Le..  45-60*. 

As  a  result  of  this  experiment,  a  mixture  of  dinitro- and  uinitroiriphenylamine  was  obtained  from  the 
first  half  of  the  triphenylamine.  where  there  was  an  excess  of  the  nitiating  mixture,  and  almost  exclusively 
mononitrotriphenylamine  fro.m  the  second  part,  where  an  additional  amount  of  glacial  acetic  acid  was  used 
to  dissolve  the  triphenylamine  completely,  and  half  the  amount  of  the  nitrating  mixture  was  added.  Starting 
from  the  impossibility  of  obtaining  all  three  of  the  above  nitro  derivatives  of  triphenylamine,  a  method  for 
the  combined  preparation  of  these  compounds  was  arrived  at.  In  this  .method,  triphenylamine  is  used  completely, 
and  all  three  substances  are  obuined. 

For  the  separation  of  the  nitro  derivatives  of  triphenylamine,  then  properties  of  dissolving  in  different 
concentrations  of  acetic  acid  on  heating  was  used.  4-Nitrotriphenylamine  dissolves  in  acetic  acid  on 
boiling  and  crystallizes  in  the  cold:  4.4'-dinitrotriphenylamine  dissolves  in  80^  acetic  acid  on  boiling  and 
precipitates  on  cooling:  these  substance  precipitate  out  more  completely  if  the  acetic  acid  solution  is  poured 
into  water;  4,4*,4"-trinitrotriphenylamine  does  not  dissolve  in  concentrated  acetic  acid,  nor  even  in  boiling 
glacial  acetic  acid.  Therefore,  mononitrotriphenylamine  is  extracted  from  the  mixture  by  heating  with  50^ 
acetic  acid.  The  resi<due  is  then  treated  with  boiling  80^  acetic  acid  which  is  removed  from  the  residue 
remaining,  which  is  nothing  less  than  trinitrotriphenylamine.  The  latter  is  once  more  heated  in  glacial  acetic 
acid  for  the  complete  removal  of  the  remaming  other  derivatives  of  triphenylamine.  This  is  also  a  medK>d 
for  the  purification  of  4,4'.4"-uinltrotriphenylamine.  4-Nitrouiphenylamine  and  4.4‘-dinitrotriphe"viamine 
were  repeatedly  recrystallized  from  the  same  solutions  of  acetic  acid  with  which  they  were  extracted. 

The  substances  obtained  had  the  following  characteristics:  4-nitrotriphenylamine,  m.p.  138-139*, 
4.4'-dinitrotriphenylamine,  m.p.  206-207*,  4,4’.4*‘<rinitrotriphenylamine,  m.p.  279-280*  which  correspond 
to  the  literature  results. 

The  practical  yields  of  the  nitro  derivatives  are:  the  mononitroderivative.  up  to  20-25*55?,  dinitio- 
derivative  up  to  30*55*.  and  the  trinitroderivative,  up  to  40‘55>. 

SUMMARY 

1.  One  method  was  used  for  the  pteparation  of  all  three  p-nitrederivatives  of  triphenylamine  instead  of 
the  three  different  ones  reported  in  the  literature. 

2.  By  using  the  combination  method,  and  the  different  solubility  of  the  nitre  derivatives  of  triphenyl¬ 
amine  in  dilute  solutions  of  acetic  acid,  all  tfiree  substances  were  obtained  separately  in  quite  pure  state. 
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INVESTIGATION  OF  ORGANIC  ISOCYANATES 


L  TRANSFORMATIONS  OF  THE  ISOCYANATES  OF  THE  BENZENE  SERIES  BY  THE  ACTION  OF 

ALUMINUM  CHLORIDE 


N.  S.  Dokunikhin  and  L.  A.  Gaeva 


Organic  Isocyanates  with  aromatic  h>’drocarbons,  in  the  presence  of  aluminum  chloride,  form  substituted 
amides  of  the  aromatic  carboxylic  acids.  According  to  Leucart  [1]  the  process  occurs  via  a  stage  of  the  additicm 
of  the  elements  of  hydrogen  chloride  to  the  isocyanate  trx)Iecule,  and  analogously  to  the  preparation  of 
unsubstirjted  aromatic  carboxylic  acid  amides  by  the  action  of  chlorocaibamic  acid  [21  is  a  partial  case  of 
acylation  according  to  rriedeh Crafts. 

Previously  the  transformations  of  aronutlc  Isocyanates  without  the  participation  of  aromatic  hydrocarbons 
by  the  action  of  aluminum  chloride  had  been  briefly  reported  J3].  Salts  of  amino  carboxylic  acids  can  be 
obtained  by  tlje  alkaline  processing  of  the  reaction  products.  Isocyanates  of  the  benzene  series  give  only  o- 
aminocarboxylic  acids  in  this  case.  It  was  suggested  that  the  process  occurs  by  the  interinediate  formation  of 
dL-nertc  isocyanates.  On  further  Investigation,  it  was  shown  that  the  subsunces  obtained  by  the  reaction  of 
the  isocyanates  of  the  benzene  senes  or  their  dimers  with  molten  aluminum  chloride  are;  3-ixienyl-2,4- 
dioxotetrahydroquinazoline  and  its  corje  pondLng  derivatives.  The  process  can  be  described  by  the  following 
scheme: 


o-CjH^NHjCOOH  ♦  C^NH, 


The  transformation  of  the  dimer  of  phenyliscxiyanate  (II)  into  3-phenyI-2 ,4  dloxotetrahydroquinazollnc 
ia analogous  to  the  known  isomerization  of  phthalanil  (VI)  in  molten  alumlruim  chloride. also  leading  to  an 

expansion  of  the  ring,  and  the  enuance 
of  the  substituent  into  the  o-position  to 

,  r-n  -VH  ^  amino  group  [4]  (VIH). 

a  CO  /V  /  /  CO  ^  x  , 

V.  j/  I  (  'I  The  structure  of  the  transforms- 

— *'  •  J  tion  products  of  phenyl  isocyanate  and 

\  ^  CO  Its  dimer  (HI)  was  proved  by  its 

CO  '  Identification  with  the  substance 

obuined  by  a  reported  method  [5] 
from  phenyl  isocyanate  and  anthranilic 

^  ^  followed  by  ring  closure  with 

hydrogen  chloride  in  ethyl  alcohol 
medium. 


The  trar^formation  Lito  quinazoline  and  o -aminocarboxylic  acid  derivative  was  studied  with  the 
following:  phenyl  Isocyanate,  o-,  m-,  and  p-tolyl  isocyanate,  xylyl  isocyanate.  4-<iiphenyl  isocyanate,  o-, 
*n-,  and  p-chloio phenyl  Isocyanate,  and  2. 5-dichloro phenyl  isocyanate,  as  well  as  dimers  of  these  compounds. 
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Xt,?  O’  Mia.iwUnc  derivative  was  not  isolated 
in  pule  font!  with  4-diphcjiyl  i<!Ocyanate. 
but  W3»  directly  transformed  into  4-a:r.ino- 
dipl.enyl-3-carhoxylic  acid.  For  rn- 
jufartituted  phenyl  isocyanates,  where  the 
foi.r.ation  of  two  isomers  was  possible, 
only  quinazoline  and  anthranilic  acid 
ocrivaiives  with  the  carboxylic  acid 
groups  in  the  p-posiiion  to  the  chlorc 
or  methyl  group  were  isolated. 

Outside  of  3-chloroanthranilic 
acid.  th«.  o-aminocart>oxylic  acids  obtained  conespoad  in  properties  to  those  reported  in  the  literature.  There 
Is  a  substance  listed  by  this  name  in  the  •Erxydopedia  of  Organic  Compounds  "  [6]  with  m,p.  148,  obtained 
by  Hubner  and  Weiss  FT]  fro.m  3-chlorobenzoic  2cid  bv  nitration  and  reduction,  which  was  assigned  the  above 
structure  by  Eller  and  Kle.mm  without  sufficierr  basis  [S],  Th.-  acii  obtained  from  2-chlorophvnyl  isocyanate 
had  an  m,  p.  l&0.6-lil.2*.  Removal  of  the  amino  grocp  by  tiie  action  of  nitrogen  oxides  in  alcoholic  solu¬ 
tion  results  in  li-e  formation  of  3-chlorobenccic  acid,  ccrrcspondir.g  in  its  properties  to  that  reported  in  the 
literature,  and  identical  to  the  one  obtained  in  an  analogous  manr^e:  fro.m  S-chloroanthranilic  acid.  With 
the  presence  of  a  fixed  o-positioned  Cl  and  amirso  group  in  the  starting  substance,  as  well  as  an  o-positioned 
amiixj  and  carboxylic  acid  group  in  the  derived  dioxctetrahydroquinazoline,  drere  is  no  doubt  of  the  structure 
of  the  substance  isolated. 

EXPERIMENTAL 

3 -Phenyl-2 ■•i-cioxotetrahydroquinazcline.  1)  12  g  of  phenyl  isocyanate  was  introduced  at  135-140*  Into 
a  .Tclt  obtained  from  &T  g  of  aluminum  chloride  and  23  g  of  sodium  chloride.  It  was  stirred  lor  30  minutes 
and  poured  on  ice.  The  residue  was  filtered  arrd  washed  with  dilute  hydrochloric  ac*d  and  water.  It  was 
extracted  with  a  boiling  Zje  sodium  carbonate  solution.  L'pon  cooling,  a  colorless,  crystalline  precipitate 
cauie  out.  The  yield  of  the  dry  substance  was  5  9  g  (49.2^).  la'vcei-like  crystals  from  acetic  acid  m.p. 
2S0-2S1.4  (278-260*  [ij.  Found;  C  70.53.  Tl.SO:  H  4  27.  4.02.  N  11.58,  11.78,  M  (in  camphor)  237. 

244.  CmHiANj-  Calculated  '^r  C  70.58;  H  4.23:  N  11.76;  M  238. 

2)  30  g  of  fresfily  distilled  phenyl  isocyanate  and  5  g  of  anhydrous  pyridine  were  allowed  to  stand  for 
three  days  at  room  temperature.  The  coarse  iiarbtc  crystals  of  jrfienyl  isocyanate  dimer  which  formed,  were 
filtered,  washed  with  benzene,  and  tecrystallired  fro.m  benzene:  m.p.  175.2-176*  (175-176*  tlOJ). 

9  g  of  phenyl  isocyanate  dimer  was  intrc^duced  into  a  molten  .mixture  of  72,5  g  of  aluminum  chloride 
and  17.6  g  of  sodium  chloride  at  135-140*.  stirred  for  30  minutes,  a.sd  then  processed  as  in  the  previous 
exfieriment.  5,79  g  (€4.3*50)  of  3-phcryl-2.4-dioxo:etrahydroquina2oline  was  obtained. 

3)  3  g  of  2-carbcxy-N.N’-diphenylurea  (m.?.  182.8-183*).  obtained  by  the  reaction  of  phenyl  Isocyanate 
with  sodium  anthranilate.  was  placed  into  15  ml  of  ethyl  alcohol,  and  a  stream  of  hydrogen  chloride  passed  in. 
first  at  room  temperature,  and  then  with  heatitg.  On  cooling,  the  precipitated  3-phenyl-2.4-dioxoietrahydro- 
quinazoline  was  filte.-ed.  1.94  g  of  the  substance  was  obtained:  m.p.  261.0  282.0*  after  recrystallizaiion  from 
acetic  acid.  A  mixed  sample  with  the  substance  obtained  frcai  phenyl  isocyanate  had  an  m.p.  280.0-281.6*. 

2- Aminobenzoic  acid.  4  g  of  3-phenyl-2.4Kiioxotcirahydroc;uinazoIine  was  heated,  with  stirring,  for 
6  hours  with  5C  ml  of  a  10^  potassium  hydroxide  solution.  Upon  cooling,  the  aniline  was  exuacted  with 
benzene,  and  1.79  g  of  azthianllicacid  with  m.p.  145.0-145.2*  (from  %^ieQ  was  obtained  on  acidification  to 
pH  3. 5-4.0. 

3- (2  -Tol  •U-s-.nethvl-2.4-dioxotetra!r.drcr:anazoliae.  o-Tolyl  isocyanate  (b.p.  184-1 8C*)  was  obuined 
by  the  action  of  phosgene  on  o-toluidinc  hyd-mchlonde. 

1.44  g  (24‘5<i  of  3(2’-tolyl)-6-.T.ethyl-2.4-dioxotctrahydroquiivazoline  with  m.p.  225-227*  (from  glacial 
acetic  ac;d)  was  rbixined  fro.m  6  g  of  o-tolyl  isocyanate  under  the  conditioiu  cf  the  experiment  with  phenyl 
isocyanate. 

Found  ‘5>:  C  71.74,  71.32,  H  5.45.  5.63;  K  10.09.  10  IT  Calculated  <5^  C  72.13  H  5.26; 

N  10.52. 
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C'AtTiino-STDethylbenzoic  acid.  0.2  g  (71.4^)  of  the  substance  was  obtained  from  0.5  g  of  3(2'*tolyl)- 
8-;rethyI-2.4-dioxotcU3hydroquinazoUnc.  Pris.iis  from  water  with  m.p.  170.8-172. 2*  (172*  [G]). 

3-<3*-Tolyl)-7-methyl-2.4-diOxotetrahydroquinazoIine.  iO  g  of  m-tolyl  isocyanate  (b.p.  187.2-187. 4*). 
prepared  by  the  action  of  phosgene  on  molten  m-toluidi  ne  hydrocjiloride,  was  introduced  into  a  molten 
mixture  of  80  g  of  aluminum  chloride  and  sodium  chloride  at  135*.  It  was  stirred  for  30  minutes  and  poured 
into  ice  and  water.  It  was  filtered,  washed  with  dilute  acid  and  water  The  residue  was  mixed  at  room 
temperature  with  a  5v  poussiu.m  hydroxide  solution.  It  was  filtered  and  3-f3'-tolyl)-7-rpethyl-2.4-dioxo- 
tetrahydroquinazol inc  was  precipitated  from  the  filtrate  with  hydrochloric  acid.  Yield  5.08  g  (50.8^). 

Platelets  from  isobutanol.  M.p.  290.5-292.5*. 

Found  <Jo:  C  72.55.  72.15:  H  5.73.  5.44:  N  10.09.  10.16.  Calculated  ‘Jc:  C  72.18; 

H  5.26:  N  10.52. 

2- Amino-4-mcthvlbcn2oic  acid.  0.91  g  of  tie  substance  with  m.p.  176.0-177.2*  (177*  [6}) 
was  obtained  from  2  3  gof  3-(3’-tolyl)-7-methyl-2,4-dioxotetrahydroquinazoline. 

3- (4*-Tolyll-r>-rr!cthyl-2.4-dioxotetrahydroquinazoline.  1)  3.6  g  (44^)  of  3-(4'-lolyl)-6-nneihyl-2.4- 
dioxotetrahydroquinar.oline  was  obtained  from  8  05  g  of  p-tolyl  isocyanate  (b.p.  187-189*)  prepared  by 
the  action  of  phosgene  in  1-chloronaphthalene  on  p-toluidine  hydrochloride.  Platelets  from  ethyl  alcohol: 
m.p.  288-290*  (with  decomposition). 

Found  ‘Jk:  C  72.36.  72.63:  H  5.CS,  5.55:  N  10.71  .  10.61.  CuHuNjOb.  Calculated  ‘Jo:  C  72.18: 

H  5.26:  N  10.52. 

2)  1.0  g  (5v>Jc)  of  a  substance  identical  with  3-(4'-tolyl)-G-.nethyl-2.4-dioxotetrahydroquinazoline 
synthesized  from  p-tolyl  isocyanate,  was  obtained  from  p-tolyl  isocyanate  dimer,  prepared  from  a  mixture 
of  pyTidine  and  p-tolyl  isocyanate  by  allowing  it  to  stand  for  20  days. 

2- Amino-5-mcthylhcnzoic  acid  0.45  g  (44  2‘>r)  of  the  substance  was  obtained  from  1.8  g  of  3-(4’-tolyl)- 
6-methyl-2.4-dibxotctrahydroquinazoline.  Platelets  from  aqueous  methyl  alcohol;  m.p.  173.8-174.8*  (175*  [6J). 

3- (2*-Chlorophenyl)-R-chloro-2.4-dioxotetrahydroquinazoline.  2-Chloro phenyl  isocyanate  (b.p.  200-203*) 
was  prepared  by  the  action  of  phosgene  on  jnolten  2,2'-dichloro- N.N'-diphenylurea.  - 

3.6  g  of  3-(2'-chlorophenyl)-8-chloro-2.4-dioxotetrahydroquinazoline  (48.1*^)  was  obtained  frorn  7.48  g 
of  o-chlorophenyl  isocyanate.  Platelets  from  etliyl  alcohol  with  m  p.  223.0-22  h0*:  b.p.  223.0-224.0*.  Found 
C  54.09:  54.79;  H  2  69.  2  76;  Cl  23.3-h  2".  71.  Ci^HiNjOjCI,  Calculated ‘Ja:  C  54.72:  H  2.61.  Cl  23.12. 

T-Chloroamhranilic  aetd  1.  8  g  (P8‘70  of  S-chloroanthranilic  acid  was  obtained  from  3.0  g  of  3-(2*-chloro- 
phcnyi)-6-chloro-2.  l-dioxotctrahydroquinazoline.  Curved  needles  from  water:  m  p.  ISO .-6-1 91. 2*.  Found  C  48.35- 
48.31:  H  3  56,  3.77:  N  8  35.  8.-:2:  Cl  20,20.  20.01.  CyH^aNCl  Calculated  ‘Jo:  C  48.97;  H  3.49;  N  8.16:  Cl  20.69. 

A  stream  of  nitrogen  oxides  was  passed  into  a  boiling  solution  of  0.2  g  of  3-chloroanthtanilic  acid  in 
20  ml  of  ethyl  alcohol.  It  was  diluted  with  20  ml  of  water,  and  sodium  hydroxide  added  to  the  strongly  alkaline 
reaction  mass  ft  was  heated  to  saponify  the  ethyl  chlorobenzoate,  evaporated  tp  half  the  volume,  and  filtered. 
3-Chlorobenzoic  acid  was  isolated  from  the  filtrate  by  acidification.  Colorless  needles  from  water.  M.p.  154- 
156*  (158*  [6]).  ft  did  not  give  a  depression  in  melting  point  with  the  substance  obtained  by  an  analogous 
method  fro:ti  S-chloroanthranilic  acid. 

,  3i’3'-Chlofor>heryl)-7-chloro-2.4-dioxoretrahydroquinazolire.  m-Chlorophenyl  isocyanate  (b.p.  200,0-203.5*) 
was  obtained  by  the  action  of  phosgene  on  molten  3,3'-N,N  diphenylurea.  4.9  g  (4b. O*^)  of  3-(3*“chlorophenyl)-7- 
chloio-2,4-<lioxoteirahydroquinazolin6  was  obtained  from  10  5  gof  m-chlorophenyl  isocyanate.  Needles  from 
glacial  acetic  acid.  Mp.  309.5-311.0*  . 

Found  ej.:  C  54.72,  54  44.  H  2.66,  2.04,  N  9.93.  9.81.  Cl  22  23.  23.37.  C^HiNjC^Clt.  Calculated 
C  54.72;  H  2.  bl;  N  9.12,  Cl  23.12. 

4- Chloroanthranilic  acid.  0.9  g  of  4-chloroanthranilic  acid  (81*51)  was  obtained  from  2  g  of  3-(3  -chlorophenyl) 
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-7-chlora-2.  4-dioxotetrah>idroquir.azolire.  h-eedle;  fr'W  a4ucous  cihyl  alcohol;  m.p.  23S.o  239.5  (240  [o]). 

3-(4*<rr.Ioroi*e"vl)^<hloro-2.4<3ioxote^^aLvdr3S  -’'a29j;3^  P Chlorophe-yl  isocya.-ate  (b.p.  203-2C4*. 
ro.p.  32.5-)  was  obtai-ed  by  theactio-  of  p;^05g^-e  on  ipol'en  4  4’<fichlorodip^.cnylurea.  2.42  g  (48. 4^=)  of 
the  substance  was  obtaned  from  5  g  of  p  cnloropner yl  isocyana’e.  f^edles  from  g’-cial  acetic  acid,  m.p. 
323.5-325.0*  .  . 

Found  *?>:  C  54  50.  54  63'  H  2  85  2  60.  N  9.91.  9  93.  C’  22  93  22.95.  C.,H.^~CXClj  Calculated 
C  54  72;  H  2.61,  N  9  12  Cl  23.12. 


The  dimer  of  pchlorophe'‘yl  ’socyanaie  was  formed  by  s:on.'g  a  mixture  of  it  w.th  pyridir.e.  Six  - 
faceted  platelets  from  chloroform  It  resets  heati'^g  to  160  170*  does  'Ct  melt,  ard  docs  rot  have  a  pure 
melting  point,  2.17  g  of  3  f 4  <hlorophe"yl)  6  ehloro  2  4  d.oxotetraoydroquir.anolire  (62^).  ider.tical  with 
that  obtained  from  the  mo-omenc  isocyanate,  was  obtai*.ed  from  3.5  g  of  the  d*mer. 

5-Chloroarthranil’c  acid  2. 3  g  (78^)  of  5  chloroanthrar.-.l:c  acid  was  cbtaL'iCd  from  5.3  g  of  3  (4*' 
chloropheryl)'6-ohlorO'2.4 d’’oyotetrahyd.oquirazoli~c  '-e^^d’es  from  water' m.p  210.0  210.5  (211-212  [6}).^ 

3-f2'.5*-Dichlorophe-yl)  5  e-d:chloro  2  4  diojore-ranydroqui-iazol’-e.  2.5  Dichlorophenyl  isocyanate 
was  obtained  by  the  actio"  of  p’^osge'.e  o"  roolte*  2  5d  ch'oroaceta''il!de.  r.p.  233.0  233.5*  ,  m.p.  27.4-28.8  . 
Cursed  needles  from  carbo  »elracMoride 

The  reactio  wito  a'.-mt'um  chloride  wa.  co  d'jcted  at  155  ICO*  2  47  g  (41.2^)  3  (2*,5  -dlchloro- 

phe ■>'!)  5  8  d.cr -Oro  2  4sl'.o»o*ctrshydroqui''azoU"e  w*  rbta-.'ed  from  6  g  of  the  isocya'ate.  Rectargular 
platelets  from  i  obu-a^ol-  m  p  281  8  283  0' 

Fou.-d%  C  44  27.  44  29  -  1  96  1.78  C'.  38  45  38  78.  \OjCl,.  Calculated^;  C  44.68; 

H  1.59.  Cl  37,76. 

3.6  Dichloroa'  thraniltc  acid  6  g  of  2  5  dich'traphf  .-yl  isocyanate  was  melted  with  alum¬ 

inum  clJoride  ard  sodium  chloride  at  155-160* .  Aiter  po.:*'g  o  tee  filtering  a*d  washing  free  of  mineral 
salts,  the  residue  was  boiled  with  s*irri’',g  for  6  hours  wi*h  .35  m'  i0'7e  potassium  hydroxide  solution.  It  was  filtered, 
and  the  filrrate  was  acidified  with  hydrochloric  ac  -d  to  pH  2  5  The  p-ecipitated  3.b^xMoroanth.raniIic  acid 
was  filtered,  was.hed,  a^d  dried,  'iield  1,6  g  (48.6^),  i>eed’e.  from  wa*e-  M.p  152.8  154  0*  (154-155*  [6]). 


3-(2'.4  Dimethy'.p'r.e.'yl)  €  Sdimethyl  2.4  d^ox'^tetrahydroqui'- azoU'^e.  2.4-Xylyl  isocyanate  (b.p.  211.2- 
212.0*)  was  obtained  by  the  ac’'io"  of  phosgene  o.n  molte'  ace'ylx'yl'di'c.  2,28  g  (22.8<5t)  of  3-<2’.4‘-dimethyl- 
phenyl)-6,8-duneihyl  2,4  •dioxote'rahydroquinazolir.e  was  obtained  from  10  g  of  xylyl  Isocyanate.  Prisms  from 
isobutanol,  m.p.  253  0  254  5* 

Fou'id<5t.  .S  9.41.  9.35.  C^H^.OjN,.  Cal culatfd  <5b  9.52. 

2  Air.i''o  3  5<l’metrylbe~zoic  acid  (4  amf  omesi-yie- ’c  acid).0.32  g  (12  3^)  of  4-aminomesitylcnlc 
acid  was  obtai'ed  from  4  g  of  2.4  xylyl  isocyanate.  M.p,  189  6  1  90  8  *  (191*  f6)), 

2-AmL-o  5.p.ne.'ytbe~zo'c  acid  (4  ^tn"od  p^e- y!  3  c  srbox^I?c  ac  d^).  4  Diphenyl  isocya'ate  (rr.p.  55.5*) 
was  obtared  by  the  actiO'  of  phosge-e  o*  4  am’nod.p.ne' yl  hydrochloride  in  tolue'^e. 

10  g  of  the  isocya-ate  was  i-tr*duced  i-to  a  mo  mixsir*  of  80  g  of  ai.mmum  chloride  a^'d  20  g 
of  sodium  chloride  at  135  140*  It  wa<  s^  rred  for30  mint'e  ’ne  react'or  mt»»'  r»  poured  on  ice  filtered 
washed  to  complete  removal  of  the  mi'ers  salts  Tre  re  'due  was  bo.led  wi^h  iOO  ml  of  a  10^  sodium  hydroxide 
solution  and  filtered  The  re.'due  wasorce  more  trea'^^d  witn  a  sodum  hydroxide  solution.  The  combirscd 
filtrates  vcreacidif:ed  with  hydrocnlonc  acid  to  pH  4.  T.ie  p^fccip.tated  2  im.'O  4  p'.enylbe*’ioic  acid  was 
filtered,  washed  with  water,  and  dr^d.  Yield  3.5  7  g  (CS.S'Jt),  Plates  or  reed.es  from  aqueous  ethyl  alcohol. 

Mp.  202.6-203.8*  (201  202*  [ilj. 


Found  5).-  C  73.35  73  14,  H  5,37  5.32,  N  6.72  6  79  C^-H  /\S  Calc'j’ated  C  73.22;  H  5.20:  N  6.57, 

SUMMARY 

1.  It  was  show*  that  3  phenyl  2.4  <l:oxoteTrar.ydr?qui'azoli'e  a'd  .t:  derivitives  were  formed  by  the 
reaction  of  .socya'^ates  of  the  beozee  senes  witn  a  moire'  mixture  of  alumi'um  chior.de  a’'d  sodium  chloride. 
These  arc  split  i’to  the  correspo'drg  ar'mauc  ami^e  a'd  sal»  of  the  o-ami"jbe'zoic  acid  upon  heatu-'g  with 


solutions  of  alkalies.  The  reaction  was  investigated  on  examples  of  chloro-,  methyl-,  atxl  phenyl  derivatives 
of  fdjeayl  isocyanate. 

2,  The  reaction  can  be  used  for  preparative  purposes  for  the  introduction  of  a  carboxylic  acid  group 
into  the  benzene  ring  in  an  o-po$ition  to  the  amino  group.  The  o-aminocarboxylic  acids  formed  are  free 
from  isomers.  In  the  case  of  m-chloro  and  methyl  derivatives,  the  carboxylic  group  enters  into  the  p-  position 
to  the  abo\^  substituent. 
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INVESTIGATIONS  OF  A  LK  A  NE  SULFONIC  ACIDS 


■ 


VII,  REACTIONS  OF  A  LK  A  NESU  LFON  Y  L  CHLORIDES  WITH  p-A  M INOPH  E  NOLS 


A.  -G.  -K ostsova 


The  reactions  of  alkanesulfonyl  chlorides  with  p-aminophcnol  ethers,  p-anisidine  and  p-phenetidine  [1] 
were  studied  and  reported  by  the  authtx^s.  The  present  Investigation  was  concerned  with  the  study  of  the  reaction 
of  alkanesulfonyl  chlorides  arvd  p-aminophenol  itself.  These  reactions  are  only  known  for  aromatic  sultonyl  chlor¬ 
ides  ^}. 

Recently,  a  reaction  between  p-aminophenol  and  methanesulfonyl  chloride  has  been  reported  in  the  liter¬ 
ature  131  The  authors  used  for  dieir  experiments  with  p-aminophenol  methane-,  ethane-,  2-methylethanO',  butane-, 
and  2-methyl butanesulfonyl  chlorides.  Three  substances  can  be  obtained  from  this  reaction: 

RSOjNHCjHiOH  (I)  NH,C,H4OS0iR  ( H)  RSO^NHCjHaOSO^R  (Hi) 


It  was  necessary  to  find  out  which  one  of  the  three  possible  compounds  was  formed  during  these  reactiot.s. 
or  whether  or  not  ail  of  them  are  formed  simultaneously.  The  reactions  were  mainly  conducted  in  acetone  with 
heating.  During  these  reactions,  noticeable  tarring  occurred  especially  with  2-methylethanesulfonyl  chloride,  the 
reaction  product  of  which  could  not  be  isolated  in  pure  form.  In  all  of  the  ether  cases  only  one  product  was  isola*^ 
from  sulfonyl  chloride.  According  to  the  empirical  composition,  they  correspond  to  products  (I)  and  (II).  But  element¬ 
ary  analysis  does  not  allow  the  question  of  which  one  of  these  two  compounds  is  actually  formed  in  these  reactions  to 
be  answered,  since  they  are  both  iso.mers,  and  therefore,  are  identical  in  empirical  composition.  In  order  to  determine 
which  structure  to  assign  to  the  compounds  isolated,  p-hydroxyalkanesulfoanilides  (I),  or  p-aminophenylalkane  sulfonates 
(III),  a  series  of  characterizing  reactions  were  made.  Thus  the  isonitrile  test  for  the  free  NH^  group  was  done.  The 
formation  of  an  isonitrile  was  not  found  at  tne  moment  of  the  reaction,  nor  upon  standing,  which  showed  that  the 
free  NH|  group  was  absent.  In  order  to  test  for  the  ester,  the  product  was  boiled  with  dilute  alkalL  The  cooled  alka¬ 
line  solution  was  acidified  with  dilute  acid.  The  unchanged  product  with  the  same  melting  pcint  precipitated.  If 
the  ester  had  been  present,  it  would  have  been  hydrolyzed,  since  sulforiic  acid  esters  are  easily  hydrolyzed,  not  only 
by  Ikalies.  but  also  by  boiling  with  water. 


Therefore,  these  characteristic  reactiois,  supplemented  by  the  quantitative  analysis,  lead  to  the  conclusion  that 
the  reaction  of  alkane  sulfonyl  chlorides  with  p*<*,minophenol  under  the  above  conditions  leads  to  formation  of  only  p- 
hydroxyalkancsulfoanilides  sec  Tdble),  and  the  co.mpounds  obtained  have  the  general  formula  (I).  Esters,  as  well  as 
products  of  stnreture  (HI). are  not  formed  in  these  cases. 


Expt. 

No. 

Formula 

Name 

Kielting 

Point 

1 

CHjCOjNHCiH^OH 

p-Hydroxymethanesulfoanilide 

156* 

2 

C  H,C  HxSC^NHCjH^OH 

p-Hydroxyethanesulfoanilide 

113 

3 

C  H,CH,C  HjCHj  SOi  NHC,H40H 

p-Hydroxybutancsuloanilide 

84 

4 

(CH,),CHCH,CH,SO^NHC4H40H 

p-Hydroxy(2-m<.  thyl)butanc- 
1  sulofanilide 

88 

EXPERIMENTAL* 

The  starting  p-aminophenol  was  obtained  from  its  hydrochloride  by  treatment  with  sodium  carbonate. 
M.p.  183*.  The  sulfonyl  chlorides  were  prepared  by  the  usual  metlfods  (41  A  whole  series  of  experiments  was 
conducted  to  study  die  reaction  of  the  alkane  sulfonyl  chlorides  with  p-aminophenol;  these  experiments  were 
effected  unner  equal  conditions  and  with  different  quantitative  ratios  of  the  reactants.  Only  the  most  typical 
of  the  experimenu  conducted  are  reported  in  the  experimental  section. 

1,  Reaction  of  methanesulfonyl  chloride  with  p-aminophenol.  3.82  g  of  p-aminophenol  was  dissolved 
In  50  ml  of  acetone.  2  g  of  methanesulfonyl  chloride  was  added  dropwise  to  the  solution.  The  reaction  was 
conducted  on  a  water  bath  heated  to  80*  under  reflux  for  1-1.5  hours.  The  mixture  browned  strongly.  Tbe 
hydrochloride  of  p-aminophenol  precipitated.  At  the  end  of  the  reaction,  the  mixture  was  cooled,  the  ult 
Kparated,  wadied  with  acetone,  and  dried.  M.p.  over  200*  with  decomposition.  The  sail  was  not  investigated 

•  N.  N.  Khrunin.  G.  F.  Titova,  and  V.  L  Sergeeva  participated  in  the  experimental  section. 


*07  fanhor.  Th*  «cetor.e  »*.  oilbor  c*.l«,.«d.  or  disUUed  frox  rtor  fU.rote.  A  dai*  thick  oU  roma.nod  at  a 
reiidue.  foon  standiog.  the  oil  rolldKlcd.  n»  onide  tairy  reaction  product  war  treated  with  animal  charcoal 
in  boili:«  water.  The  acueour  exuact  war  renarated  from  the  chaxoal  (hot  filtration)  and  cooled,  tore-etay 
co-tul!  of  p^„droxvmet:,anenllfoanilld^  wparated.  Yield  2.45  g  or  50(1  of  Lhe  theoretical.  Ihe  product  u 
teadUy  soluble  in  acetone,  alcohol,  ether,  poorly  in  benaene  and  water.  The  experiment  reported  war  conducted 
with  1  mole  of  the  sulfonyl  chloride  for  2  mold  of  p-aminophenol.  Vi-hec  the  reaction  was  conducted  with  a 
moljir  ritio  of  1:1,  tiie  yield  of  the  product  decreased  noticeably. 

0.1010  g  nibstance:  5.30  ml  0.1  N  HfSO^  0.1102  g  substance;  0.1370  g  BaS04,  Found  N  7.34; 

S  17.04.  CjHjOjNS.  Calculated  ‘5*:  N  7.48:  S  17.1i. 

2.  Reaction  of  ethanesulfonvl  cblcrlde  *^ath  p-aminophesol  3  g  of  ethane  sulfonyl  chloride.  5.08  g  of 
p^mlnophenol  were  dissolved  in  60  ml  of  acetone.  Tne  reaction  was  dan  conducted  analogously  t'’  the 
previous  one.  The  reaction  product  wei  In  the  form  of  grey'ish  white  crystals.  Yield  2.25  g  or  48^  Oi  the 
theoretical  Co.-aducting  the  reaction  wlt»>out  beating,  decreases  the  yield  of  the  product  to  40'41'S«.  The 
solubility  of  the  product  was  analogous  to  the  previous  one. 

0.1082  g  substance:  5.30  ml  0.1  NHjSO^.  0.1213  g  substance:  0,1408  g  BaS04,  Found  N  6.86; 

S  15.91-  CiHiiOjNS  Calc-.alated  N  C  tC:  S  15  92 

3*  Reaction  of  2-methylethanciulfonyl  chloride  with  p-amLnophenoL  Different  quantiutive  ratios  of 
the  reactant:  (1:1,  1:2),  different  solvents  (acetone,  alcohol.  p>Tidine).  different  reaction  temperatures  all 
led  to  the  same  result,  to  a  snongly  tarred  grease -I:ke  product  from  which  the  pure  reaction  product  could 
not  be  isolated. 

4.  Reaction  of  butane  sulfonyl  ch!t*rlde  w;th  .p-amirorher.ol.  3  g  of  butanesulfqnyl  chloride  and  4  g 
of  pramLnophenol  were  dissolved  n  45  ml  of  acetore.  The  reaction  conditions  and  the  isolation  of  the  pro¬ 
duct  were  analogous  to  the  previous  ones,  0.7  g  or  16^  of  the  theoretical  of  pure  p-hydroxybutanesulfoanilldc 
was  Isolated  from  the  strongly  urred  product.  Still  lower  yields  reralted  if  the  reaction  was  cond-jcted  under 
otfier  conditions,  because  of  considerably  more  tarrinj.  The  solubility  of  the  product  was  analogous  to  the 
previous 

0.0626  g  substance:  2.75  ml  0.1  N  HjSO^,  0.1022  g  substance:  0.1025  g  Ba  SO4.  Found ‘5»:  N  6.15: 

S  13.75.  CioHifOjNS.  Calculated N  6.11:  S  13.97. 

.  5.  Reaction  of  2-methylb'-’tane5ulfonvl  chloride  and  p- amino  phenol.  2  g  of  2-methylbutane$ulfonyl 
chloride  arxi  2.6  g  of  p-amincphenol  were  dissolved  In  53  ml  of  acetone.  The  reaction  conditions,  and  the 
isolation  of  tfie  product  were  analogous  to  ihe  previous.  The  jield  of  pure  p-hydroxy(2-methyl)  buunenlfo- 
anilide  was  0.C8  g  or  25^  of  the  thvoretleal.  Greyish-white  ’eafets.  A  yield  of  30-33‘Jo  was  obtained  when 
the  reaction  was  conducted  in  absolute  alcohol.  In  this  case.  p-*mir.ophenol  hydrochl-oride  did  not  preciplute, 
as  it  was  soluble  in  alcohol.  The  alcohol  was  distilled,  and  a  dark  thick  oil  remained  as  the  residue  which 
solidified  on  cooling.  The  olid  residue,  which  was  a  mixture  of  p-t  >-droxy-(2 -methyl)  butanesulfoanilide  and 
p-arnlno  phenol  hydrochloride,  was  treated  with  boilmg  water .  the  sal:  remained  in  solution,  and  the  ph.ydroxy 
(2-methyl)  butanesulfoanilide  came  out  f.*om  the  soiuion  0-  cooli-g  in  the  form  of  yellow-grey  crystals,  readily 
soluble  In  acetone,  alcohol  and  ether,  and  poorly  Lti  benzene  and  water. 

0. OS 66  g  substance:  2.32  ml  C.l  N  H1SO4.  0.1012  c  substance:  0.0988  g  BaSO^  Found ‘Jt:  N  5.7; 

S  13.29.  Ci»Hi:0,NS,  Calcula'xd  N  5.76;  S  13.17 

SUMMARY 

1.  The  reaction  between  alkane  sulfonyl  chlorides  and  p*aminopheno1  was  studied  under  various  conditions. 

2.  p-Hydroxyroedune-,  ethane-,  butane-.  (2-roethyl)  butane sulfoanilldes  were  obuLned  and  characterized. 
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REACTIVITY  OF  PETROSELIC  AND  PET  ROSEL  A  ID  IC  ACIDS  AND  TH-EIR  ESTERS 


A.  K,  Plisov  and  A.  I.  Bykovets 

One  of  tJie  authors  has  recently  reparted  on  the  reactivity  of  oleic  and  elaidic  acids  aixl  their  esters  [1]. 

It  was  found  that  their  chemical  reactivity  was  in  complete  correlation  with  liie  theory  of  steric  hinder- 

ance.  In  this  communication,  the  analogous  question  in  relation  to  peiroselic  acid  and  its  stereo  isomer,  petrose* 
laidic  acid,  is  discussed.  Pet.’Oselaidic  acid  has  been  known  for  a  relatively  long  time;  however,  the  question  of 
its  spatial  configuration  has  rwt  been  solved  by  chemical  means  up  to  now. 

Pctroselic  acid  with  m  p  33-34*  is  assigned  the  cis-configuration,  whereas  its  isomer  with  m.p.  54*.  petro- 
selaidic  acid— the  trans.by  analogy  to  tlie  fact  that,  in  these  cases,  generally,  the  lower  melting  form  corresponds  to 
the  cis-configuration.  and  that  melting  at  a  higher  temperature,  the  trans,  even  though  now  there  are  cases  known 
which  do  not  correspond  to  this  rule. 

HCfCHjl^COOH  CH(CH,)4C00H 

CHyCH,)jjCK  CH(CH,),oCH, 

pctroselaidic  acid  petroselic  acid 

The  question  of  the  actual  configuration  of  petroselic  and  petroselaidic  acids  can  be  answered  to  con¬ 
siderable  extent  by  chemical  means  if  it  is  considered  that  an  analogous  effect  of  the  radicals  at  the  double 
bond  cn  their  reactivity  occurs,  as  in  t'le  case  of  oleic  acid. 

The  oxidation,  hydrogenation,  and  saponification  reactions  of  petroselic  and  petroselaidic  acids  and 
their  methyl,  propyl,  and  benzyl  esters  were  studied  It  was  found  that  petroselic  acid  and  its  esters  were 
oxidized  and  hydrogenated  more  easi’y  than  petroselaidic  acid  and  its  esters,  but  the  saponification  of  petro- 
selates  j^occeds  more  slowly  than  that  of  the  petrosclaidates  All  of  tliese  facts  favor  die  cis  configuration  for 
petroselic  acid  and  the  trans  configuration  for  petroselaidic  acid 

EXPERIMENTAL 

Petroselic  acid  was  isolated  from  ihc  fatty  oil  of  coriander,  and  purified  by  distillation  a;  ClC-ClS*,  8rS  mm. 
Crude  petroselaidic  acid  was  obtained  by  the  isomerization  of  petroselic  acid  in  the  presence  of  HNO|.  After 
recrystallization  from  alcohol,  the  petroselaidic  acid  had  an  m.p.  52-64*. 

Methyl,  propyl,  and  bcnzylic  esters  of  these  acids  were  prepared  by  neating  a  mixture  of  the  alcohol 
and  the  acid  on  a  water  bath  in  the  presence  of  HJSO4.  Methyl  peiroselaie,  purified  by  distillation  at  2-3  mro, 
had  a  b.p.  158-160*.  methyl  pctroselaidate.  b.p.  164  165*.  Propyl  peuose  ate  distilled  at  198-200*  at  4-5  nm, 
propyl  pctroselaidate.  at  200*  (2  mm). 

The  benzyl  esters  had  not  been  reported  in  the  literature. 

Benzyl  petroselate.  a  light  yellow  liquid  with  a  weak  esierlike  odor,  dissolved  in  five  parts  of  ethanol 
at  room  temperature,  boiled  in  vacuum  (1  mm)  at  218*  d”  ••  9315.  niJ  1  4825. 

Benzyl  pctroselaidate,  a  light  yellow,  almost  without  odor,  dissolved  at  40*  in  five  parts  of  alcohol,  and 
upon  cooling  below  room  temperature,  rapidly  crystallized  into  a  white  mass  of  necdles.lt  boils  in  vacuum  (2-3 
mm)  at  229*.  d*4*  0.9372.  nj/  1.4842. 

The  determination  of  the  rate  of  saponification  of  the  methyl  esters  was  effected  in  the  same  manner  as 
was  described  in  more  detail  for  the  experiments  with  oleic  acid  [11  Two  identical  samples  of  the  isomeric 
esters  (1/2000  of  a  mole)  were  weighed  into  vessels  formcaruringconductaiKe,  2  ml  alcohol  was  added  to  dissolve 
the  ester,  and  then  2  ml  of  0.1  N  alcoliolic  KOH  solution.  All  of  the  experiments  were  conducted  in  a  tiiermosut 
at  23*.  The  moment  of  addition  of  the  alkali  was  considered  the  start  of  each  experiment.  In  each  repeat  exper¬ 
iment,  the  vessel  for  measuring  conductance  was  changed,  and  in  this  way,  the  sample  of  the  cis  isomer,  was  placed 
first  in  one  vessel,  and  then  in  the  other  in  which  the  trans  isomer  was  found  in  the  first  experiment.  The  measure¬ 
ment  of  the  electroconductivity  was  conducted  by  means  of  a  resistance  bridge  and  a  vacuum  tube  resistance  indicator. 
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TA5LE  1 

Decrease  in  the  ElectrocondurtiOtyfr.  ‘?»of  the  ir.itul)  upon 
Saponification  of  the  Esters  of  and  Petroaelaidic 

Acids  in  2.5  Hours 


Ester  .  Cxpt.  1 

Methyl  petroselate  . . 

Methyl  petroselaidate . 

Propyl  petroselate . . 

Propyl  petroselaidate  ........ 

■Benzyl  petroselate . 

Benzyl  petroselaidate  .... 


Expt.  2 


Table  1  gives  the  results  of  the  de'crroi"- 
at;o'  of  the  elec*roconduttivity  of  the  mixtures  of 
The  e  iters  and  the  alkali. 

K  thedata-on  the  percent  cha-ge  in  the 
electroconductivity  in  each  pair  of  the  expen.nerts 
for  the  two  isomers  are  compared  then  ir  is  found 
that  in  ail  cases  the  petiosclv  /s'  are  s^po^i^ied  more 
slowly  dian  the  petroselaidates.  In  audition,  it  was 
observed  that  the  benzyl  group  has  the  gteateit  effect 
in  this  respect. 


The  hydrogenatio''  of  pctfovclic  and  petroselaidic  acid  s  a^d  their  es'ers  was  accomplished  in  alcoholic  solutions 
in  the  pre'ence  of  pia’ru.m  depo  »*td  o  banum  suHate.  The  operimc-.ts  were  conducted  in  a  -goose,’'  simultaneously 
viih  tv*o  ’.dtntit  sKy  weighed  sample  of  the  i>o;ncr'  at  23*  (Table  2). 

TABLE  2 


Hydrogenatio* 
t  ime 

(IT  mL^  )  I 


Amour!  of  hydrogen  added  (in 

ml) 

petm 

1  methyl 

nicitivl  ■  propyl 

propyl 

I  berzyl 

betizyl  i 

seiaidi'' 

petro- 

peucse-  i  petro* 

pe»ro- 

1  petro- 

petro*  . . 

ar  id _ 

1  selate 

1 - 

laida-e  i  selate 

selaidate  i 
- 1 

i  selate 

1 - ^ 

selaidate 

1 - 

24 

I  30 

24 

14 

16 

40 

i  55 

42 

35 

27 

66 

o 

CO 

67 

80 

31 

The  oxidatio.n  of  pctrosclU  and  petroselaidic  acids  and  their  esters  was  accomplisheu  with  an  aqueous  solution 
of  KMnO^  The  course  of  the  oxidation  reaction  was  judged  by  the  charge  of  the  elecirocondgctivity  of  liie  aqueous 
KMnO^  solution,  the  electioconductlvity  of  which  changed  gradually  with  the  consumption  for  the  oxidation.  The 
condiiciancc  incvasrs  smcc  ilic  KOH  appeals  innead  of  KMnO^  wh.ch  possess  a  highei  ror:duciance. 

The  oxidation  was  corxlucicd  in  a  thermostat  simultareojsly  v*ith  a'l  identical  sample  of  the  isomer  (1/ 1500 
of  a  mole)  in  identical  vessels  wifi*  platinum  elecuodes.  5  ml  of  a  1.5  ^  KM.nO^  solution  was  uted  (Table  3). 

Tlie  results  in  Tables  2  and  3  are  little  different  fro.T»  tho>e  of  analogous  experimerts  with  oleic  a^’-d  elaidic 
acids  and  theu  esters;  l*’-  all  cases  fl»c  vame  thing  occurred  petmse’.ic  acid  and  its  esters  are  oxidized  and  hydrogenated 
mere  rapidly  than  petroselaidic  arid  and  i:<  esters  Tf<e  bfzyl  gtoop  has  a  considerably  greater  decelerating  effect  on 
the  oxidatior  of  petroselaida'cs  than  the  methyl. 


The  difference  i*  the  oxidizability  of  petro- 
selic  and  petroselaidic  acid'  or  tlicif  ester*  can  be 
observed  visually  if  equal  quantiiiev  of  ihe  isomers 
and  a  weakly  colored  KMnO^  solution  are  placed  in 
identical  cylinders.  A  noticeable  change  in  the  color 
soon  appears  u"  one  of  the  cylinder t,  with  equal  shak¬ 
ing.  then  the  solution  ir.  this  cylinder  decolorizes 
whereas  at  the  same  time,  there  is  run  a  noticeable 
color  in  the  other  cylirder.  This  cxr<rimcr.i  can  be 
recommended  for  a  lecture  demonstratiorf  of  the  dif¬ 
ferent  reactivities  of  the  isomeric  acids  ar/d  their 
esters,  or  their  derivatives. 

SUMMARY 


TABLE  3 

Increase  in  the  Elecirocond  jclivity  the  initial) 

upo'i  the  O»:daTi0''  of  Feirosehc  a'd  PetroseUidrc  Acids 
a'd  Their  Esters  for  45  Mif'uies  by  Permanganate 


Acid  or  ester  Temp 

- - - 

Peirosclic  acid .  55 

Petroselaid>c  acid  ......  55 

Methyl  petroselate .  24 

Methyl  petroselaidate  ...  24 

Propyl  petroselate .  24 

Propyl  petroselaidate  ....  24 

Benzyl  petroselate  ......  26 

Benzyl  petroselardate  ...  26 


Charge  i'*  electro 
co-doc tiv  itv  (in  ‘to 


1.  It  was  shown  that  petrosclic  arid  petrose-  ' 

laidic  acids  a-d  theu  esters  show  dilferent  reactivuie*  Pe’roschc  acid  and  its  esters  a'c  oxtdued  and  hydrogenated  more 
rapidly  than  petroselaidic  acid  and  i»v  es»ers  while  the  sapo.-ifica'io-  of  the  pettoselare.*  proceeds  more  slowly  Lha  that  of 


the  petrosclaidaies. 

2.  The  reactions  studied  confirn^ed  the  cu<onfigurauon  of  petroselic  acid  and  the  trar^ -configuration  of  pet- 
roselaidic  acid. 

3.  The  benzyl  esters  of  petroselic  and  petroselaidic  acids  were  synthesized,  and  their  pfoperties  reported. 
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reactions  of  as  active  amino  group 


IL  DISPLACEMENT  OF  THE  AMINO  GROUP  LN  6  DIALKYLAMLSOPROPIONTTRILE 

A,  P.  Terentyev.  A.  N.  Kost,  and  S.  M.  Gurvich 

It  is  known  that  the  amino  g^Jup  in  8  aroi'o  ketones,  8  aminoaciis.  and  compounds  analogous  to  drem 
possesses  a  great  ability  for  displacement. 

In  the  present  communication  the  abllrty  of  the  amif'o  group  n  S-dialkylaminopropionitriles  for  dis¬ 
placement  was  investigated.  Previously  it  was  snown  by  the  authors  [1]  that  the  dialkylamino  group  in  these 
compounds  is  capable  of  a  series  of  displacement  reactio's  but  that  these  processes  pttxreeded  comparatively 
slowly.  For  this  reason  the  reactivity  of  quaternary  ammoiuum  salts  obtained  from  8-dialkyIaminopropioaitriles 
was  investigated. 

It  was  fou''d  that  these  quaterrary  salts  of  the'>e  bases  split  off  acrylonitrile  or.  p>T0lysis;  in  the  pres¬ 
ence  of  alkalies  the  process  occurs  readily  ever,  at  100*. 

XR,NCH,CH,CN  “ ♦  R,N  ♦  HX  ♦  CHi=CH-CN. 

Since  acrylonitrile  was  obtair^ed  readily  a'd  ir  good  yield  with  this  method,  it  appeared  to  be  of 
preparative  nterest  Thus,  acrylonitrile  was  obtai.-ed  Ln  a  "5  80^  yield  b>  heating  8 -chloropropionitrile 
and  tricthylamine  in  tlie  preserce  of  an  equivalent  amount  of  alkali. 

(C.rl.i,*.  ♦  KOH 

ClCHjCHrCN  - -  CH,=CH-CN. 

Because  the  tertiary  amire  is  not  cons  j.r.ed  during  the  reaction  (it  Is  lost  only  by  being  removed  with 
the  water  vapor  and  the  acrylonitrile),  it  can  be  used  in  comparatively  small  quantity  in  die  reaction. 

The  amino  group  could  be  exchanged  by  an  alkoxyl  residue  by  the  action  of  methyl  or  butyl  alcohol 
(in  the  presence  of  alkali)  on  the  quaternary  salt: 

CHjOH  ♦  XR,NCH,CH,CN  — »  CH,OCH,CH,CN, 

Judging  by  the  easy  removal  of  the  acrylonitrile  group  in  alkaline  medu.  it  could  also  be  assumed  that 
in  the  above  case  the  process  of  displacement  of  *hc  ammo  occurs  by  means  of  a  stage  of  the  formation  of  acrylo¬ 
nitrile.  This  completely  agrees  with  the  experiment  on  tiar  scyanoethylation  £21 

The  change  to  a  methyl  group  occurs  with  poor  yield  as  a  result,  apparently,  of  the  low  boiling  point 
of  die  alcohol. 

Heating  8-diethylaminopropionitrile  mcihiodide  with  an  aqueous  solution  of  potassium  cyanide  gave 
succinic  acid  Ir'  good  yield. 

KCN  ♦  KH^CjH^JiNCHiCHjCN  ♦  HOOCCH|CHjCOOa 

Therefore,  the  above  quaternary  salts  are  capable  of  various  exchange  reactions,  similar  to  those 
which  occur  with  the  leucoirope  s  O  or  wiih  g'amiDC. 

8-Dimethylamiropropioniirile  and  8  sJieihyiaminop'opionitrile  were  ct>osen  as  the  aminotriles.  and 
were  obtained  by  the  usual  methods,  i.e,.  by  th.c  action  of  acrylo'-iirile  on  the  comespoodLng  amine  pl  8- 
Chloroproplonitrile  was  obtained  by  passing  ^  >'dmger.  chloride  i'to  acrylonitrile  [4l 

EXPERIMENTAL 

Pyrolysis  of  the  dimethyl  sulfate  salt  of  8  dimerhYlamiaopropiorlrrile.  The  salt  was  obtained  by  the 
slow  addition  of  freshly  distilled  dime^.yl  sulfate  to  a  benzene  soluuon  of  an  equimolar  amount  of  8-dimethyl- 
aminopropionitrile.  Colorless  needles  from  methyl  alcohoL 

10  g  of  this  salt  was  heated  on  a  metal  bath  v  a  Favorsky  flask  equipped  with  two  thermometers  (in 
the  vapor  and  in  the  reaction  mass).  At  120*  a  slow  decomposition  of  the  substance  began  with  the  fonnation 
of  acrylonitrile  and  trimethylaminc.  A  200*  the  »e-ctiori  proceeded  energetically,,  and  at  240*.  foaming  and 
partial  tarring  occuned.  1, 7  g  of  acrylonitrile  was  collected  as  a  result  of  the  pyrolysis.  Le..  70^  of  the 
theoretical. 


f-  addition.  3.6  g  of  acr>-Io':itrile  (i.e..  6C^  of  the  theoretical)  was  obiared. 

If  the  pyrolj’sis  was  conducted  in  the  pteser.ee  of  alvali.  the  cleavage  began  at  100  .  Thus  2.9  g  of  acrylo¬ 
nitrile  i.e..  88*??  of  the  theoretical,  was  obtained  from  15  8  g  (about  0.06  mole)  of  the  salt  by  heating  it  to  100-200  , 
in  the  presence  of  0.5  g  (about  0.01  mole  )  of  solid  potassium  hydroxide. 

Preparation  of  acryIo»‘itrile  from  6<Moroproricr!Urile.  A  flask  equipped  with  a  dropping  funr.*l  a.'.d 
dephlegmator  was  placed  Lnto  a  bath  heated  to  120'  a*d  a  mixture  of  28  g  (0.5  mole)  of  potassium  hydroxide 
aiKJ  10  g  (about  0.1  mole)  of  triethylamin.e  placed  into  the  flask.  Then  44.9  g  (0  5  mole)  of  6  chloropropionitrilc 
was  added  dropwise  at  such  a  rate  that  the  thermometer  in  the  dephlegmator  regis*ered  not  higher  tharr  80*.  Tne 
distilled  acrylonitrile  was  acidified  with  dilute  hydrochloric  acid  washed  once  with  ice  water  (5  ml),  dried  with 
calcium  chloride  redistilled  dried  with  potassium  carbonate,  a*^  once  more  redistilled.  20  22  g  of  acrylonitrile 
was  obtained,  i.e.  75  80^  of  the  theore’ical.  h  p.  77-78*. 


Substitution  by  a  iremoxy  group.  22  g  (0.1  mole)  of  the  d. methyl  suHate  sal:  of  B  -dimethylaminopropio- 
nitrile  was  added  to  the  alcohola’e  ebtaned  from  the  so  ution  of  4  C  g  <0.2  g^atom)  of  sodium  In  60  ml  of  absolute 
methyl  alcohol  The  mixture  was  neated  to  reflux  for  4  hours  on  the  water  bath,  whereby  separation  of  tri- 
methylamine  occurred  The  excess  methyl  akoiiol  was  the?  removed  in  vacuum,  tne  residue  was  diJuted  with  water, 
acidified  with  hydrochloric  acid,  and  extracted  4  times  with  ether.  The  ether  solution  was  dried  with  lised  magnes 
ium  sulfate  and  distilled.  1.8  g  of  6  methoxypropioritrile  was  obtained  l.e,  2h^of  the  theoretical  calculated  o.*' 
the  dirncthyl  sulfate  salt  5  p.  164  165*  at  765  mm  d^^  0.9488  1,4031'  MRq  21,89.  calculated  22.13,  which 

corresponds  to  the  literature  data  [7). 


Substitution  by  a  butoxy  group.  24.0  g(0.1  mole)  of  B  diinethylaminopropio'.itrile  methiodide  was  added 
to  a  warm  solutior  of  5.  G  g  (0.1  mole)  of  potas  ium  hydroxide  in  74  g  (1  mole)  of  absolu'e  bu’:yl  alcorol.  The  mix¬ 
ture  was  healed  to  reflux  until  the  evolution  of  trimethylami'e  cea-cd  (about  6  hours)  the''  it  was  acidified  to  Congo 
widi  hydrochloric  acid,  a-d  ware:  was  added  until  solution  of  the  precipitated  salts.  The  alcoholic  layer  was  separated. 
waAed  twice  with  small  portions  of  ice  water,  dried  over  vodium  sulfate,  and  vacuum  distiUcd.  10,1  g  (73.7  ‘Jocf  the  • 
theoretical)  of  S  butoxypropionirrile  was  obtained,  b  p  80  82*  a»  10  mm.  0  8  904;  *-0  1.4174  MRq  35  95:  calculated 
35.99,  Literature  data:  b.p.  98  at  20  mm.  dj®  0.8863,  1  4180  [7J. 


Reaction  with  potassium  cya-ide  A  mixture  of  13  4  g  (0  05  mole)  o*  6  sliethylaminoproiioniixile  meth 
iodide  (4].  4.8  g  (about  0.06  mole)  of  85>  po'assium  cya  ide  a‘d  50  ml  of  waier  was  heated  fo»  C  hours  in  a  steel 
autoclave  to  io0-l60*  Tne  mixture  was  cooled,  filtered  f'om  •  smal!  arrroun*  of  a  residue,  carefully  acidified  with 
sulfuric  acid,  and  extracted  many  times  with  ether.  After  evapctatior  of  the  c’fier  ard  recrys’al'ization  from  water. 
4. 1  g  (i.e,,  80^  of  the  theoretical)  of  succii'ic  acid  was  obtai"ed  K*  p  182  ,  wnich  co"e',po’'ds  :o  the  literatute  data. 


SUMMARY 

1.  It  has  been  show?  that  the  amino  group  in  the  qua:er*ary  salts  of  B -dialKylaminopionitriles  car.  be  sub¬ 
stituted  by  various  residues. 

2.  A  new  method  for  the  preparation  of  acrylo’-ttrile  it  reported. 
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SlJ  1*^0.%' AT  ION  AND  6ULFOMC  ACIDS  OF  ACIDOPHOBIC  COMPOUNDS 
XXIIL  Sl'LFONATION  OF  ALDL.IYDES  AND  KETONES 

A  P  Terertyev  a'-d  L  A  >anovskaya 

Ip  addition  to  the  he’^erocycle^  of  the  furan.  pyrrole  a-d  thiophere  group,  and  conjugated  dierac  hydro¬ 
carbons,  etc.,  there  exist  other  groups  of  acidophobic  corrpo;"'ds  Ote  of  'he  most  irnponant  *rd  widely  distributed 
of  these  are  the  aliphatic,  fatty  aronjatic,  and  alicycltc  aldehydes  and  ietores.  Most  of  them  are  very  sensitive  to 
the  usual  sulfonatirg  agents,  as  For  example,  stro’^g  sulfuric  acid,  chlorosulfonic  acid,  etc.  The  reaction  with  such 
agents  leads,  as  a  rule,  not  to  sulforatton,  but  to  co'.de'satio",  polym  rization,  or  oxidation  of  the  carbonyl  com¬ 
pound.  It  is  riot  surprising  that  there  are  only  irdividual  cases  of  the  direct  sulfonation  of  ketones,  and  especially 
aldehydes. 

Thus,  by  the  action  of  50'55»  oleum  on  acctaldetyde.  p!opio''aldehvde,  and  acetone.  Ln  addition  to  the  de¬ 
composition  products,  disul foaceraldebyde ,  d;siilfc'P'T>pior,5tdehyde  a^'d  trisulfoacetore  were  obtained  [IJ  15*^  oleum 
sulfonates  aceto'e  i'  acetic  anhydride  solu^io",  'o  <*;  <u’foaceTop>'er.o'-e  Recentl'y.  a  paper  was  published  on  the 
sul-fcnation  of  certa*''  aldehydes  (isobatyialdehyde  heptaldehyde  ar.d  pherylacetaldehyde)  and  ketones  (acetone, 
finacohne  and  a  serie.  of  aryl  aUphatic  l‘eto*e')by  nr^ans  of  diona-'e  sulfotrioxide  [31  Fir  ally,  papers  are  known’ 
or,  the  sulforiatio'  of  coii^plex  alicyclic  ketones  with  chlorosulfo'ic  acid  [4]  especully  well  studied  is  the  sulfona- 
ticp  of  ca.nplior  [5J 

In  the  present  communicatio:  the  '‘•suits  of  the  i-'estiga'io"  of  the  sulfonation  of  aldehydes  and  ketones 
with  various  sulfonating  agents  is  lepor-ed  solu’io"  ot  sulfur  t'loxidc  in  dichlorethane  pyTidine  sulfotrioxide, 
pyridine  bisulfotnoxide  a^d  dionane  ».u’fotrioxide.  Several  results  of  this  ipvestigatior  have  already  been  published 
in  the  form  of  a  preliminary  communication  [CJ 

As  was  mentio.oed  above,  sulfonatio*  products  ca-  be  obtained  by  rhe  aciioocf  oleum  on  certain  aldehydes 
and  ketones  even  though  the  process  is  acr ompanied  by  strong  ta'rirg  and  the  decompositionof  the  carbonyl  com¬ 
pounds,  li  was  decided  to  investigate  the  action  of  a  dilute  solutio.n  of  sulfur  tnoxidc  n  dichlorethane  on  aldehydes 
and  keto^.es.  It  was  found  that  a  sulfur  tricxide  dichlorethane  solution  acts  upon  propionaldehyde  and  diisopropyl 
ketone  at  room  temperarure  to  produce  tars-  upon  the  r-'roductio'  of  the  carbonyl  compound  into  the  solution  of 
the  sulfonating  agent  (or  in  reverse  order),  a  strong  heat^g  occurs  and  the  solution  darkens,  the  odor  of  sulfur 
dioxide  is  detected  and  finally,  a  dark  viscous  mass  separa'cs  A<ter  the  usual  proces-^ing  of  the  reaction  mixture 
obtained  with  an  aqueous  suspension  of  barium  carbonate  i?  is  pos  ible  to  isolate  a  small  amount  of  a  dark  barium 
salt  of  the  sulfonic  acid. 

If  the  reaction  is  conducted  as  follows  the  >ulft;r  triOKide  is  added  slowly  to  the  solution  of  the  carbonyl 
compound  with  stro-g  coolirg  and  stirring,  the  dirktni'-g  is  rrodera’cd,  sometimes  the  odor  of  sulfur  dioxide  is  not¬ 
iced  at  the  end  of  the  leaciion  I'  this  case  the  barum  salts  of  n)OnosjlFop;opio''aldehyde  and  monosulfodiisopropyl 
ketone  we'e  isolated  in  the  usual  manner  in.yields  of  35  40<51>  a'-d  70  75%  respectively  nowever.  especially  in  the 
case  of  the  aldehyde,  the  salts  were  cortaminated  by  side  products 

The  successful  application  of  heterocyclic  acidoph^bic  compounds  pyndi'xtsulFotiioxide  [i]arid  dicxanesulfo* 
trioxide  [8]  stimulated  the  authors  to  try  the'^e  reagen's  for  the  ‘ulforatiop  of  aldehydes  a  <d  Ketones,  As  was  found 
cyperiinenully.  pyridlnesulfotrioxide  is  poorly  suited  as  a  sulfona'rg  agent  for  aldehydes  and  Ketones.  Ihe  sulfona- 
lion  reaction  only  starts  ar  higher  temperatures  (100  140*)  a-d  it  is  complicated  by  considerable  polymerization  and 
tarring  of  the  carbonyl  compound  In  a  senes  of  case*  (diisopropyl  Ketone)  the  reaction  practically  did  not  occur. 

The  yields  of  the  sulfonic  acids  (isolated  in  the  form  of  barium  salts  by  the  usual  methcnl)  were  always  very  small 
(15*20%).  Therefore,  pyridinesulfctrioxide  was  fou^d  *o  be  I't  ufficiently  active  as  an  agent  for  the  sulfonation  of  the 
caibonyl  compound.  For  this  reason,  we  tested  the  act’oi"  o'*  aldehydes  a'-d  ketones  (propionaldehyde  and  diiso- 
Propyl  ketone)  of  pyridinebisulfotrioxidc,  which  was  found  by  o'-e  of  the  authors  [9]  to  be  a  mote  energetic  sulfon¬ 
ating  agent.  Pyridinebisulfottiox'de  formed  by  reac'io'--  of  an  cquimolecular  amount  of  pyridlnesulfotrioxide  and 
sulfur  trioxide.  acts  on  solutio.'i  of  carbonyl  compo'J''ds  i*  dichloreihare  eve”  at  room  remperature.  Diisopropyl  ke¬ 
tone  forms  the  monosulfo”ic  acid  teadily  a'xl  i”  good  (60  85%)  yield.  Propionaldehyde  gives  either  the  disulfonic 
acid.  Or  a  mixture  of  mono-  and  disulfonic  acids  the  pure  mono^ulfonic  acid  could  not  be  obtained. 
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Flr^lly,  dioxanes’jifoL'ioxide  was  tried  as  a  sulfonating  agent  lor  carbonyl  compoii-oi  Tre  rreuicc’  of  .uiio- 
nation  with  this  compound  was  practically  the  same  for  all  cases:  the  aldehyde  ot  ketone  was  added  directly  to  a 
suspension  or  solution  (in  an  excess  of  dioxane)  with  efficient  coolirg  and  stirrLng.  Solution  of  the  dioxanesulfotrioxide 
(in  the  case  of  a  suspension)  and  an  insignificant  warmirtg  of  the  mixture  occurred.  The  solution  obtained  was  allowed 
to  stand  for  12  hours  at  room  temperature,  then  processed,  and  the  barium  salt  of  the  sulfonic  acid  was  isolated  in  the 
urual  manner.  In  certain  cases  the  sulfonation  was  effected  in  reverse  order,  i.e.,  a  solution  o  the  dioxanetu.fotrioxide 
was  added  to  a  solution  of  the  aldehyde  or  the  ketone. 


By  usir^  dioxanesulfotrioxide,  in  relation  to  the  amount  of  the  reagent  used,  both  the  mor^*  and  disulfonic 
acids  of  aldehydes  and  ketones  can  be  readily  obtained.  Fspecially  easily  formed  are  the  disulionic  acids  of  aldehydes 
and  ketones.  Acetaldehyde,  propionaldehyde,  butyraldeh.yde,  isobu^yraldehyde,  Isovaleraldehyde,  heptaldehyde,  oct.— 
aldehyde,  and  decylaldehyde,  as  well  as  phenylacetaldebyde,  aceiore,  diisopropyl  ketone,  dipropyl  ketone,  acetophe¬ 
none,  and  cyclohexanone  were  sulfooated. 


It  must  be  mentioned  that  the  method  of  sulfonation  developed  by  the  authors  was  used  by  A.N.  Ne.meyarov 
and  co-workers  [10]  for  the  sulfonation  of  7-me»hylspiro-(4.5)-decari-6-or.e.  2.2.6-trlmethylcyclohexapore.  and  cam- 
pherilor*e.  In  the  first  two  cases,  the  correspo^'ding  luifor.ic  acids  in  yields  of  88  and  90^  were  obtalred  In  the  form 
of  the  banum  salts.  Camphenilone  was  not  sulfonated  under  the  above  conditions. 

The  structure  of  pherylacetaldebyde  and  acetophenone  sulfonic  acids  was  proved  by  the  oxidation  of  their 
bariu.m  salts  to  be'zoic  at  id  with  potasiium  permanganate.  The  o  position  of  the  suKo  group  in  sulfobutyraldehyde 
and  sulfot.eptaldehyde  %*a,  proved  by  their  oxidation  with  chromic  mixture  to  acetic  a'^d  valeric  aci4  respectively, 
which  were  related  a'^d  ide''i:fied  ti  the  form  of  the  silver  saKs.  the  o-and  o'  o  positions  of  »he  sulfogroups  in 
sulfodipropy]  ketone  ar-d  diuilfodipropyl  ketone  w.-rep.'oved  by  the  oxidation  of  corresponding  bar'um  salts  to  propionic 
acid. 


All  of  the  barium  salts  of  the  sulfoaldehydcs  a'd  suMoketones,  with  the  exception  of  acetophenone  suKonlc 
acid,  were  readily  soluble  i.n  water.  The  majority  of  them  cri'stallize  with  one  molecule  of  water  which  Is  ’leld  quite 
stably  by  the  salt.  Aldehydosulfonic  acids  give  the  silver  mirror  reaction  and  reduce  Fehli'g  s  solution,  however 
they  do  not  color  fuchsinc  sulfurous  acid  The  oximes  phenylhydrazo.'es  and  semicarbazones  of  the  aldehyde-  and 
ketosulfonic  acids  could  not  be  obtalred  by  the  u^-ual  methods  Fczylthiowronium  salts  were  prepared  from  the  bar¬ 
ium  salts  of  the  aldehydo-  and  ketosulfonic  acid,  however  ’hcic  of  tne  aldeh>'dosulfonic  acids  were  found  to  be  oily 
liquids  and  u-nsuiiable  for  chaiactcrizaticn.  Sulfoketones  gave  crystalline  benzylthlouronium  salts  with  sharp  melting 
points  The  barium  salt  of  .sulfobutyraldehyde  was  converted  to  sodium  and  potassium  salt  by  treatment  with  the  cor- 
respondir,g  sulfates  white  crysulline  substances  readily  soluble  in  water. 

EXPFRIME.NTAl 


Sulfonation  of  acetaldehyde.  A  solution  of  dioxane  sulfctnoxide,  prepared  from  S. 6  g  of  sulfur  trioxide 
in  25  ml  of  dichlorptha''e  and  an  excess  of  acctorie.  was  added  slowly  with  efficient  cooking  fd  stirring  to  a  solu¬ 
tion  of  5.C  g  of  acetaldehyde  in  10  ml  of  dichlorethanc.  Tne  mixture  was  kept  for  12  hours  at  0*.  treated  with  an 
aqueous  barium  carbonate  suspension  to  a  neutral  reaction,  rr.e  mixture  evaporated  to  drvress.  and  the  residue  ex¬ 
tracted  with  boiling  water.  The  extract  was  evaporated  a'd  ♦he  sal*  was  p.fecipiuted  with  a  rr^ixture  of  alcohol  and 
etner.  6.5  g  of  the  salt  (39Jt  calculated  on  the  sulfur  trioxide)  was  obtained. 

11.750  mg  substance  6.889  mg  FaSO*.  8  120  mg  subs»a'ce.  4  738  mg  FaSO^  Found 

Fa  34  50,  34  34  (C,H.O*S)t  ba  HjO.  Calculated  %  Fa  34  20 

8  8  g  of  acetaldehyde  was  added  at  0*  to  a  suspe'sio'  of  dioxanesilfomoxide  prepared  from  35  g  of  sulfur 
trioxide  in  dichloreihane.  Alter  12  hours,  the  sulfonic  acid  was  isolated  in  the  form  of  the  barium  salt  by  the  usual 
method.  49  g  of  the  salt  was  obtai.ned  (quantitative  yield  of  the  disulfontc  acid). 

7.320  mg  substance.  4.720  rag  PaSO^,  7.457  mg  subsu'ce.  4.790  mg  baSO,.  Found 

Ea  37,94.  37.80.  CjH,0;S,Ba  •  H,0.  Calculated  V  Fa  38.42. 


Sulfonation  of  propionaldehyde.  A  solution  of  8  g  of  sulfur  trioxide  in  20  ml  of  dichloiethar'c  was  added 
slowly  with  good  coolLng  and  stirri.>-g  to  a  solution  of  5  8  g  of  propionaldehyde  In  20  ml  of  dichlorethare.  The 
darkening  of  the  solution  and  the  weak  odor  cf  sulfur  dioxide  was  noticed  The  mixture  was  treated  directly  with 
an  aqueous  suspension  of  barium  carbonate.  7  g  of  the  salt  was  obtained  in  the  usual  man-cr.  A^ter  3  recryiul- 
lizations  from  a  water-alcohol  mixture,  an  analytically  pure  sample  of  the  sal*  was  obtal'^d: 
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.350  substance;  3.'I-12  Found  ^  .  u  ,.. 

8,5  g  of  propionaldehyde  was  added  with  cooling  by  ice  water  to  pyridinebisulfoirioxide  prepared  front  24  g 
of  p)\'riuinesulfotrioxide  and  12  g  of  sulfur  trioxide  in  40  ml  of  diclUore thane.  A  slight  darkening  and  small  amount 
of  heating  occurred.  After  usual  processing.  12.5  g  of  the  barium  salt  was  obtained, 

4.140  mg  substance.  2.123  mg  BaS04.  2.847  mg  substance:  1.859  mg  BaS04.  Found  •fo: 

Ba  38.76,  38.43.  C,H407SjBa.  Calculated  <50:  Ba  38.87. 

Dioxanesulfotrioxide  from  9gof  sulfur  trioxide  in  25  ml  of  dichloreihane  was  added  to  a  solution  af  6  g 
of  propionaldehyde,  with  cooling  and  stirring.  After  12  hours,  it  was  processed  in  the  usual  manner.  11.5  g  of 
the  salt  (55‘r:)  was  obtained 

8.750  mg  substance;  4  743  mg  BaS04.  C. 850  mg  substance:  3.173  mg  BaS04.  Found  Ba  31.90. 

31.73.  (CjH504S),Ba  •  H,0.  Calculated'S):  Ba  31.90. 

Sulfonation  of  but^Taldehyde.  7.2  g  of  butyraldehyde  was  added  widi  cooling  and  stirring  to  a  suspension 
of  dioxanesulfotrioxide  in  dichloroethane  prepared  from  8.7  g  of  sulfur  trioxide.  After  12  hours.  13.4  g  of  the 
barium  salt  (Cl'S))  was  obtained  with  the  usual  processing 

6.640  ing  substance.  3.357  mg  BaS04.  C.690  mg  substance:  3.390  mg  BaS04.  Foutx) 

Ba  29.75,  29  89  (C4H704S),Ba  •  H,0.  Calculated  <>);  Ba  30.01. 

Hie  sodium  salt  of  sulfobutyraldehyde  was  pveptared  by  the  accurate  precipitation  of  a  solution  of  the 
barium  salt  with  sodium  sulfate. 

5.132  mg  substance:  2  132  mg  NajS04.  8.475  mg  substance:  3.539  mg  NajS04,  Found  Na  13.45, 

13.52.  C4H-''4Na.  Calculated  Na  13.20. 

5  g  of  the  barium  salt  of  sulfobutyraldehyde  was  oxidized  by  heating  for  50  minutes  on  the  water  bath 
with  a  solution  of  chromic  anhydride  in  cone,  sulfuric  acid  (slightly  greater  than  the  calculated  amount).  The 
mixture  obtained  was  diluted  with  water,  arnl  the  acetic  acid  was  steam  distilled  and  isolated  from  the  distillate 
in  the  form  of  the  silver  salt. 

8.340  mg  substance:  5.381  mg  Ag.  9.117  mg  substance;  5.889  mg  Ag.  Found 

Ag  64.61.  64.59  CjHjO^Ag  Calculated Ag  64.64. 

Sulfonation  of  isobutyraldehyde.  8  g  of  isobut>7aldehyde  was  added  with  cooling  and  stirring  to  a  sus¬ 
pension  of  dioxanesulfotrioxide  in  dichlorethane  pwepiared  from  10  g  of  sulfur  trioxide.  After  12  hours,  17  g  (75^^) 
of  the  barium  salt  was  obtained  in  the  usual  manner. 

6.890  mg  substance:  3.455  mg  BaS04.  9.300  mg  substance:  4.680  mg  BaS04.  Found Ba  29.51, 

29.61.  (C4H704S),Ba  •  HjO.  Calculated  <50:  Ba  30.01. 

Sulfonation  of  isovaleraldchyde.  The  sulfonation  of  isovaleraldehyde  was  effected  in  a  manner  analogous 
to  that  given  above.  34  g  of  the  barium  salt  of  the  sulfoaldehyde  {18^)  was  obtained  from  13.5  g  of  the  aldehyde, 

10.347  mg  substance:  5.060  ntg  BaS04.  7.570  mg  substance:  3.560  mg  BaS04.  Found 

Ba  28.78,  28.80.  (CsH|o04S),Ba •  H,0.  Calculated*^:  Ba  28.29. 

Sulfonation  of  heptaldehyde.  14  g  of  heptaldehyde  was  sulfonated  by  dioxanesulfotrioxide  prepared  from 
10.5  g  of  sulfur  trioxide  in  60  ml  of  dichlorethane.  After  effecting  the  reaction  and  the  usual  processing,  20  g 
(65*^)  of  the  barium  salt  was  obtained. 

11.297  mg  substance:  4  920  mg  BaS04.  7.170  mg  substance:  3.100  mg  BaS04.  Found 

Ba  25.63,  25  44.  (C,Hi304S},Ba •  11,0.  Calculated  Ba  25.36. 

6  g  of  the  barium  salt  of  sulfoheptaldeh>'de  was  oxidized  in  a  manner  analogous  to  that  for  sulfobutyralde¬ 
hyde.  The  silver  salt  of  valeric  acid  was  obtained. 

6.315  mg  substance:  3.252  mg  Ag.  6.289  mg  substance:  3.254  mg  Ag.  Found  <>:  Ag  51.50, 

51.73.  CgHAAg.  Calculated  Ag  51.62. 

Sulfonation  of  octaldehyde.  12.5  g  of  octaldehyde  was  sulfonated  in  dichlorethane  with  dioxanesulfoui- 
oxide  prepared  from  13.5  g  of  sulfur  trioxide.  15.95  g  (60*^)  of  the  barium  salt  was  obtained. 
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S.:.0  rr.^  si^>u;!ce;  3.5^0  BaSO,.  7.455  mg  rubsiarce.  3.1t5  rng  i-^SLV  Four-d  Ba.  25.41. 

25.22.  (C,Hic04S),Ba.  Calculated  Ba  £4.89. 

Sulfonation  of  decyl  aldehyde.  15  5  g  of  decyl  aldehyde  vras  sulfonated  with  dioxanesulfouioxlde  in 
dichlorethane,  prepared  from  8  g  of  sulfur  trioxide.  13  g  (43*^;)  of  the  barium  salt  was  obtained. 

C. 030  mg  substance:  2.225  mg  BaSO^.  6.540  mg  substance:  2,580  mg  PaS04  Found Ba  23.42. 

23  22.  (CjjH j904S),Ba.  Calculated  <?>:  Ba  22.60. 

15.5  g  of  decyl  aldehyxle  was  sulfonated  in  dichlorethane  with  dioxanesulfotrioxide  prepared  from  24  g 
of  sulfur  irioxide.  16  g  (34'Js)  of  the  barium  salt  of  the  disulfonic  acid  was  obtained. 

4. &40  mg  substance:  2  450  mg  BaS04  5.935  mg  substance:  2  935  mg  BaS04.  Found  Ba  29.11. 

29.11.  CjjHjjO^SjBa  ■  H,0.  Calculated  Ba  29.2- . 

Sulfonation  of  phenylacetaldehyde.  11  g  of  phenylacetaldehyde  was  sulfonated  in  dichlorethane  with 
dioxanesulfotrioxide  prepared  from  8  g  of  sulfur  trioxide.  19  g  (57^)  of  the  barium  salt  was  obtained. 


6.507  mg  substance.  2.698  mg  BaS04  9.587  mg  substance:  3.993  mg  BaS04.  Found 
Ba  24.42,  24  51  (C,H,04S),Pa  H^O  Calculated ‘5«-  Pa  24.80. 


5  g  of  the  salt  was  osidized  by  heating  with  an  alkaline  solution  of  potassium  permanganate.  The 
filtrate  obtared  was  evaporated  to  a  small  volume  and  acidified  with  dilute  hydrochloric  acid.  The  crystals 
which  for.mcd  were  isolated  a'^d  recrystallized  from  a  small  amount  of  water.  A  mixed  melting  point  with 
be.rzoic  acid  gave  ro  depression. 


Sulfor.atio*  of  acetone  1 1  6  g  of  acetone  was  sulfo^’iated  by  the  slow  addition  of  a  solution  of  dioxane* 
sulfotrioxide  prepared  from  18  g  of  sul'ur  tnoxide  21  8  g  (537=)  of  the  barium  salt  was  obtained  in  the  usual 
manner. 


7  810  ihg  substance.  4  313  mg  BaS04.  6.777  mg  substance:  3.736  mg  BaS04.  Found Ba  32.50, 
32.45  (CjHr04S)|Ba  Calculated  7^:  Ba  32. 74. 

7  9  g  of  acetone  was  sulfonated  with  dioxanesulfotrioxide  prepared  from  20  g  of  sulfur  trloxide.  50  g 
of  the  barium  salt  was.obtained. 


7.370  mg  Substance-  4  540  mg  BaS04  5  240  mg  substance:  3.230  mg  BaS04.  Found  ‘Jk: 

Ba  36  25.  36  27  C.H40^SjBa  •  H,0.  Calculated  To:  63  36  86. 

Sulfonation  of  dipropyl  ketone.  19  g  of  the  ketone  was  sulfonated  with  dioxanesulfotrioxide  from  15  g  of 
sulfur  trioxide.  42  g  (957>>)  of  the  barium  salt  was  obtained. 

7  757  mg  substance:  3  460  mg  PaS04  7.967  mg  substance.  3.590  mg  BaS04.  Found  Ba  26.48, 
26.52.  (C»Hj,04S)jBa.  Calculated^:  Ba  26.14. 

8  2  g  of  dipropyl  ketone  was  sulfonated  with  dioxanesulfotrioxide  from  13.4  g  of  sulfur  trioxide.  40  g 
of  the  barium  salt  was  obtained. 

5.920  mg  substance;  3  240  mg  BaS04  5.590  mg  substance.  3.050  mg  BaS04  Found 
Pa  32  21.  32  11  CrH^ChSiBa  H,0.  Calculated  “Jk;  Ba  32.12. 

Upon  mixing  solutior^s  of  disulfodipropyl  ketone  in  the  form  of  the  barium  salt  and  benzyl  thiouronium 
chloride,  an  oil  separated  which  crystallized  rapidly  on  nar-ding  M  p  248*  (from  alcohol). 

7  ICO  mg  substance;  11.932  mg  CP|:  3.750  mg  H|0;  4  350  mg  SO4.  5  870  mg  substance  :  9.780  mg 
COj  3  040  mg  HjO  3  565  mg  SO*  Found  ^  C  45.48.  45  47;  H  5.86.  5.80:  S  20.27,  20.27. 

Calculated ‘Jk:  C  45.52;  H  5  69;  S  21  13. 

5  g  of  the  barium  salt  of  sulfodipropyl  ketone  was  oxidized  by  heating  with  a  solution  of  chromic 
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anh/dritic  in  f.ilfiuic  acid.  i  ne  ;;.;xTure  cb-ra.'ed  was  skam  Praproriic  acid  was  sepiratr-  in  tr^e  so..u 

of  th?  silver  sail  from  the  dis.illate 

8.345  jng  subita-sce.  4.&83nigAg  Found  <51:  Ag  59.71.  C,HjOjAg.  Calculated'S,:  Ag  59.C2. 

Analogous  results  were  obtained  upon  the  oxidation  of  tlic  barium  salt  of  disulfodipropyl  ketone. 

Sulfonatipn  of  diisop.opyl  ketore.  34  g  of  the  ketone  was  sulfonated  in  the  usual  manner  with  dioxane- 
sulfotrioxide  prepared  from  25  g  of  sulfur  trioxide  About  40  g  (OO'S)  of  Lhe  baria.m  salt  was  obtained. 

6.720  mg  substance.  3  033  mg5aSO^.  7.247  mg  substance  3.260  mg  BaS04.  Found'S,:  Ba  26.56. 

26,47.  (C7Hi»04S)i5a  Calculated^:  Ba  26.14. 

5  g  of  dilsopropj'l  ketone  was  added  to  py'ridinebisulfotrioxide  prepared  from  8  gof  pyridinesulfotri- 
oxide  and  3,2  g  of  sulfur  trioxide  in  35  ml  of  dichloretnane.  After  5  hours,  it  was  processed  in  the  usual  man¬ 
ner.  12  g  (SO'Jc)  of  the  barium  salt  was  obtained. 

3.645  mg  substa'ce;  1.285  mg  PaSO^.  3.241  mg  substance:  1.445  mg  BaS04.  Found'S,: 

Ba  26.12,  26  24.  (C»Hj.04S)|Fa  Calculated 'Jo  Pa  26,14. 

8  g  of  sulfur  tr!0*!de  n  25  ml  of  dichlorethane  was  added  gradually  with  cooling  and  stirring  to  a  solu¬ 
tion  of  11  4  g  of  diisopropyl  ketone  ir,  25  ml  of  dichlorethare.  After  1  hour,  the  reaction  mixture  was  processed 
in  the  usual  man.^'er.  19  g  (72'^)  of  the  barium  sal»  was  obtained. 

3  520  mg  substance  1.577  mg  PaSO^  Fourd  <5,.  5a  26.37.  {C7Hn04S)jBa.  Calculated  ^1:  Ba  26.14. 

A  solution  of  the  barium  salt  of  sulfodiisop.'opyl  ketone  formed  a  voluminous  crystalline  precipitate  with 
benzyl  thiourorium  chloride.  M  p  142*  (from  alcohol). 

7.160  mg  substar-ce  12  860  mg  CO|,  4.350  mg  HfO  Founder  C  49.11;  H  6.80. 

Ci{Ht*04S|N4  Calculated  C  48  90;  H  6.57. 

Sulfonatio'^  of  acetopherone  18  g  of  acetophenone  was  sulfonated  with  dioxanesulfotrioxide  from  14  g 
of  sulfur  trioxide.  40  g  (90'S?)  of  the  barium  salt  was  obtained. 

4,987  mg  substance.  1.900  mg  PaSO^  5.210  mg  substance:  1,980  mg  BaS04.  Founder 

Ba  22.42.  22  36  (C,H;0,S>jBa  4H,0.  Calculated  Ba  22.60.  A  cry-stalline  salt  widi 

m.p.  152*,  which  corresponds  to  the  literature  data  [3],  was  formed  with  benzyl  tiiiouronium 

chloride, 

8  g  of  the  salt  was  oxidized  with  an  alkaline  solutior  of  permanganate  with  heating.  The  benzoic  acid 
obtained  was  Identified  by  a  mixed  melting  test  with  ar  authentic  sample  of  bonzoic  acid. 

Sulfonation  of  cyclohexano'c  9.8  g  of  cyclohexa.no'-e  was  sulfonated  with  dioxanesulfotrioxide  from 
8  g  of  sulfur  trioxide  in  an  excess  of  dioxane.  21  g  {85^o)  of  the  barium  salt  was  obtained  in  the  usual  manner. 

A  crystalline  salt  with  m.p  159-160*  was  obtained  with  berzyl  thiouronium  chloride,  which  corresponds  to  the 
literature  data  for  cyclohexanone  sulfonic  acid  p] 

SUMMARY 

1.  The  action  of  various  sulfo'^ating  agents,  solution  of  sulfur  trioxide  in  dichlorethane,  pyridinesulfo- 
trioxide,  pyridine  bisulfotrioxide.  dioxanesulfotrioxide  on  various  aldehydes  and  ketones  of  the  aliphatic,  alicyclic 
and  arylaromatic  scries  was  studied. 

2.  It  was  shown  that  the  most  convenient  sulfonating  agc^t  for  aldehydes  was  dioxanesulfotrioxide,  while 
all  of  the  above  agents,  with  the  exception  of  pyndinesulfotrioxide,  could  be  used  for  ketones. 

3.  The  sulfot:ic  acids,  obtained  in  ^he  form  of  the  barium  salts,  of  propionaldehyde.  butyraldehydc,  iso- 
butyraldehyde,  isovaleraldehyde,  octaldehyde,  and  decyl  aldehyde  were  obtained  for  the  first  time. 
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STERIC  HINDRANCE  IN  ORG  A  NO-M  aG  NESiU  M  RCACYIONS 

XV.  SYNTHESIS  OF  ALKOX Y-CONTAINING  SECONDARY  a  HYDROXY  ACID  ESTERS 

1.  1  Lapkin 

In  the  previous  communications  [1-4]  a  method  for  the  preparation  of  esters  of  secondary'  a  hydroxy 
acids  based  upon  the  reaction  of  organo  magnesium  compcurds  with  oxalic  ester  was  reported  In  order  to  extend 
the  application  of  this  inetliod.  the  present  investig  non  was  conducted  to  asceruin  the  possibilities  of  s>-nthe- 
sizing  alkoxy<ontaining  a-hydroxy  acid  esters  with  this  method  The  results  obtained  are  given  in  the  Table. 

These  results  show  that  the  reaction  proceeds  normally,  and  that  the  cleavage  of  the  alkoxy  group  by 
the  action  of  the  organo-magnesium  compound  does  not  occur 

EXPERIMENTAL 

(Together  with  L  L  Grachev,  G  N  Kozlov,  N  S  Budrina.  V.P.  Potavov.  and  A.T.  Boyarshina). 

1  Reaction  o*^  B-methoxy-c-~aphthyl  magnesium  bro.gude  with  diethyl  oxalate  (ratio  1;1>.  Since 
6-methoxy-a -raphihyl  magresium  bromide  was  poorly  soluble  in  absolute  ether,  the  preparation  of  the  organo- 
magnesium  compound  was  effected  in  an  ether-toluene  (1  1)  solvent  33  8  g  (V  "  mole)  of  a -bromo-B-methoxy- 
naphthalcne  4  5  g  of  magnesium,  and  21  0  gii/t  mole)  of  diethyl  oxalate  were  used  to  conduct  the  experiment. 

The  prepared  solution  of  B^iethoxy  a  -naphthyl  magnesium  bro.mide  was  added,  with  cooling  arxi  mech¬ 
anical  sturing  to  an  ether  solutio'-  of  diethyl  oxalate  The  reaction  mixture  was  heated  for  G  hours  and  decomposed 
with  water  and  lO'Jj  acetic  acid  The  ether  toluene  layer  was  separated  from  the  aqueous.  I’pon  standing,  a  white 
residue  of  magnesium  oxalate  (MgCjO*  HjO)  separated  in  4  3  g  quantity 

The  ether-toluene  layer  was  washed  with  a  lO^s  sodiu-m  carbonate  solution,  with  water  to  a  neutral  reac¬ 
tion,  and  dried  with  anhydrous  sodium  sulfate  After  removal  of  the  solvent,  the  mixture  of  substatKes  obtained 
was  subjected  to  fractional  vacuum  distillation  at  9  mm  Fraction  L  to  185*.  Fraction  II.  185  235*.  18.8  g  .  resi¬ 
due  in  flask.  3  g  15  2  g  (41*70  ethyl  2  methoxynaphthyl-l-glyxoIa''e  was  isolated  by  the  redistillation  of  Frac¬ 
tion  II  B  p  183-185*  at  5  tnm;  m  p  92*  (from  a  mixture  of  petroleum  ether  and  toluene) 

0.1082  g  substance:  0  2737  g  CP|.  0  0598  g  H|0  0  052G  g  substance:  4.4  ml  CHiflS*.  760  mm). 

Found  C  69  03.  H  G  18.  OH  C  3  CiiHj^O,  Calculated  ‘5&.  C  69  21;  H  6,20.  OH  6.5. 

The  estet  obtained  was  not  reported  in  the  literature 

The  ester  was  sapor ificd  by  heating  with  a  5*50  alcohol  alkali  solution.  The  2-meihoxynaphthyl-l -glycolic 
acid  had  an  m  p  126-127*  (from  aqueous  methyl  alcohol) 

0  1121  g  substance.  0  2753  g  CCN.  0  0519  g  H,0  0  1028  g  substance:  4  ml  0.1  N  AgNO,. 

Found  <70  C  67  03.  H  5  18,  OCH,  12.1.  CijHuO*  Calculated  C  67  23;  H  5.21:  OCH,  13.4. 

2  Reaction  of  6 -ethoxy-g -H^aphthvl  magresium  bromide  with  diethyl  oxalate  (ratio  11).  36  g  (1/7  mole) 
of  1-broiix)  2-ctlioxynaphthyler.e.  4  5  g  of  magnesium,  and  21  g  (1/7  mole)  of  diethyl  oxalate  were  used  for  the 
reaction. 

The  reaction  conditions  were  the  same  as  for  the  previous  experumcni.  The  mixture  of  products  obtained 
was  vacuum  distilled  at  6  mm  Fraction  1,  to  170*.  Fraction  II.  170-230*.  19  0  g.  residue  2  g.  15  2  g  (40*^))  of 
ethyl  2-ethoxynaphthyl-l-glycolate  was  isolated  upon  the  red isi illation  of  the  second  fraction  B  p  186-188*  at 
4  mm;  m.p.  62*  (from  ajnixlure  of  petroleum  ether  and  toluene). 

0  1091  g  substance.  0  2797  g  C(\.  0  0G33  g  M,0  0  1082  g  substance  9  3  ml  CH4  (17*.  759  ram  >. 

Found  %  C  69  95.  H  6.51.  OH  C  1  Calculated  C  70.05.  H  6.61;  OH  6.2. 

2'Ethoxyiiaphthyl-l  glycolic  acid  was  obtaired  by  the  saponification  of  the  ester,  m.p  137-138  (from 

toluene) 

0.1033  R  substance  0  2574  g  CO,  0  0521  g  H,0  found  ‘Tv  C  68  00.  H  5  64.  C|4H|404.  Calculated 

C  68  28.  H  5  73. 
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Reaction  Components 

6  -Ktethox>-a  -tiaphthyl- 
magnesium  bromide  ♦ 
diethyl  oxalate 


Ratio  of  Formula  of  s.’bstance 
Com  pone»?t  $ _ _ 


-CHOH-CCXX^H; 

Ethyl  2*niethox>naphthyl-l 
glycolate 


j  Yield  ot 
i  substance 


£  -Eihoxy-a  -naphthyl 
magnesium  bromide 
*  diethyl  oxalate 


/-< 


Wri^OH  -CCXX^Hj 

Ethyl  2  «thoxynaphThyl-l- 
'  glycolate 


4-Methoxy-l-naphthyI 
magresium  bromide 
+  dierhyl  oxalate 


CH,0-  -CHOI!-COOC,Hj 


Ethyl  4-methox>Taphthyl-l- 
glycolate 


4  -Eihoxy-1  -naphthyl 
■  magnesium  bromide 
diethyl  oxalate 


,  2. 5-Dimeihoxy phenyl  : 

I  magnesium  bromide  1 

♦  diethyl  oxalate  j 


C,H.O-  -CHOH-COOCjHs 


Ethyl  4  c±oxyftaphthyl-l-  j 
glycolate 


-CHOH-COOCjH, 


Ethyl  2.5-dimethoxynnandelic 
acid 


2-Ethoxymaphthyl  1-glycolic  acid  and  ethyl  cster'had  r.ot  been  reported  in  the  literature. 

3  Reaction  of  4-methoxy  1-raphthyl  maz-iesium  bromide  with  diethyl  oxalate  (ratio  1:1).  An  ether-toluene 
solution  of  4-methoyy-l -naphthyl  mag^’-esium  bromide  prepared  from  47.4  g  (0.2  mole)  of  l-bromo-4-inethoxynaph- 
ihylene.  and  6  g  of  magnesium,  was  added  with  cooling  and  ircchanical  stimr.g  to  an  ether  solution  of  29.2  g  (0.2 
mole)  of  diethyl  oxalate  The  mixture  was  heated  for  6  houn,  a’'u  men  as  usual  the  magnesium  complex  was  de¬ 
composed  by  water  and  10^  acetic  acid,  4  4  g  of  greenish  yellow  crystals  separated  on  standing  from  the  dried 
ether  layer  After  separation  of  these  crystals  and  removal  of  the  solvents  the  mixture  of  substances  was  vacuum 

distilled  23  g  (45^)  of  ethyl  4-mcthoxynaphihyl-l -glycolate  was  obtained  f  p  200-202*  at  8  min,  m  p  84*  (from 

a  mixture  of  petroleum  ether  and  toluene). 

0  0794  g  substance.  0  2010  g  CO^  0  0440  g  H^O  0  0697  g  substance.  6  3  ml  CH*  (22*.  758  mm). 

Found  C  69  09  H  e  21.  OH  6  3  Calculated  C  69  21-  H  6.20;  OH  6.5. 

TTie  greenish-yellow  crystals  isolated  above  from  the  ether  solution  were  heated  with  toluene. resulting  in 
part  of  them  going  into  solution.  This  part  of  the  crystals  was  purified  by  recrystallization  from  that  solvent.  The 
yellow  crystals  of  4. 4'-dimcihoxy-l.l’-f»aphthyl  had  a  m  p  229  230*  According  to  literature  data  [5X  4. 4'-di*’ 
methoxy-l.l’-raphthyl  has  a  m  p  228-229*. 

0  1001  g  substance  0  2844  g  COj;  0  0440  g  H^O  0  1330  g  substance  7  1  ml  0  1  N  AgNO| 

Founds  C  77  53,  H  4  91:  OCH,  16  54  C4*H.,0^  CalcJated*;;)  C  77.82.  H  4  90;  OCH,  16.75. 

That  part  of  the  crystals  which  was  insoluble  ir.  toluene  was  purified  by  recrystallization  from  acetone. 


( 


The  colo.iesr  cr.>>:als  cf  -pjp  jr*  ^ 

0.1062  g  substance.  0.3&C-;  g  COj.  C  06CS  g  H,0  0  12-.0  g  substance;  C  7  ml  0.1  N  AgNO,. 

0.0664  g  substance:  4  2  ml  CH,  (18*.  756  nitr.)  Found  “vl  C  77  IS;  H  5.35:  OCHj  16.5; 

OH  4.5.  Calculated*^.  C  77  40.  H  5  41;  OCH,  16  C;  OH  4.6. 

4.4'-Dimethoxy-l,I'-naphthoin  has  not  been  .-cported  in  the  literature. 

4  Reaction  of  4'€thoxy-l -naphthyl  mactesiu”  bro.Tiide  with  diethvl  oxalate  (  ratio  1:1).  Starting 
substances  36  g  (1/7  mole)  of  l-bro.T>o-4-ethoxynaphihy:erie.  4  5  g  magnesium,  and  2'  g  (1/7  mole)  of  a 
diethyl  oxalate. 

The  reaction  conditions  were  the  same  as  in  the  first  experiment  1G,4  g  (42  *Jb)  of  ethyl  4-ethoxy- 
naphthyl -1-glycolate  was  obtained  Rp  192-1&4*  at  5  mm;  m  p  76-77*  (from  a  mixture  of  petroleum  ether 
and  toluene). 

0.1247  g  substance;  0.3200  g  CO,;  0  0710  g  1^0  0  1070  g  substance:  9  2  ml  CH4  (18*.  758  mm). 

(according  to  Terentyev).  Found‘d.  C  70  04.  H  6  37.  OH  6.1.  C,,Hj,04.  Calculated ‘Jb:  C  70.05: 

H  6.61:  OH  6  2 

This  ester  was  saponified  by  a  5^  alcoholic  alkali  solution.  Colorless  crystals  of  4-cthoxynaphthyl-l- 
glycolic  acid,  having  an  m.p  127*.  was  obtained 

0  1174  g  substance.  0  2931  g  CO^;  0  0583  g  H,0  0  0557  g  substance:  10.7  ml  CH4(18*.  758  mm). 

0  1030  g  substance  0  0057  g  Agl  Found  ^  CCS  15.  H  5.59:  OH  13.6:  OC,.t,  17.4.  CJ4H14O4. 

Calculated  ^  C  68  28  H  5  73;  OH  13  8:  OCjH^  18  3 

There  is  no  report  in  the  literature  of  4-ethoxy-l-glycoIic  acid  or  Us  ethyl  ester. 

The  product  of  the  second  stage  of  ilw  reaction  was  not  obtained. 

5  R'^action  of  2.5-dirrethoxyphenyl  magnesium  bromide  with  diethyl  oxalate  (r  atio  1:1).  3C.2  g 
(1/6  mole)  of  l-broirn-2.5-dimethox>‘bcnzene.  5  g  of  magi^sium.  and  24.4  g  (1/6  .mole)  of  diethyl  oxalate 
were  used.  The  reaction  conditions  were  the  same  as  in  the  first  experiment. 

16  g  (40‘5»)  of  ethyl  2.5-dimeihoxymandclate  was  obtained.  B  p  168-176*  at  6  mm, 

dj®  1  2241;  n{5  1.5322.  MRq  60  77:  calculated  60  24 

0.1098  g  substance:  0  2440  g  CO,:  0  0654  g  H,0  0  0SG2  g  substance:  9  2  ml  CH4  (20*.  761  mm) 

(according  to  Tereniyes').  Found ‘Jb’  C59.81.  H6  6S  OH  6. 9.  C^HijC^  Calculated^:  C  60.60: 

H  6  71.  OH  7  1, 

2.5-DimethoxytnandeIic  acid  with  m  p  97-98'  (from  methyl  alcohol)  was  obtained  by  the  saponifi¬ 
cation  of  the  ester.  An  m  p.  96-103*  is  given  in  the  literature  [6]  for  this  acid. 

0.1279  g  substance:  0  2644  g  CO,.  0  0646  g  H,0  0  0706  g  substance.  16.0  ml  CH4  (20*.  758  ram). 

0,0913  g  substance:  8  0  ml  0. 1  N  AgNO,  Found  C  56  41:  H  5. 65;  OH  15.7:  OCH,  27.2. 

CiaHuO,.  Calculated  *Jb.  C  56  60.  H  5  70:  OH  16  0.  OCH,  29.2. 

SUMMARY 

The  study  of  methods  for  the  preparation  of  esters  of  secondary  c -hydroxy  acids  based  on  the  reaction 
of  organomagnesium  compounds  and  oxalic  acid  esters  was  continued  It  was  shown  that  esters  of  alkoxycon- 
taining  a -hydroxy  acids  could  be  synthesized  by  this  method 
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COPLANAivITY  OF  THE  D  IMET  H  Y  LA  >! ! \0  GROUP  WITH  1UI' 
BENZENE  RING  AND  ITS  AUXOCIIROMIC  ACTION. II 

A  I  Kipri.iov  and  r.  V  Zh’.nurova 


-SOjNa 


(CH,),N 


-N=N-- 


The  subject  of  the  p;evious  comamnication  [1]  was  the  effect  of  stenc  hindrance  on  tlic  auxochromic 
action  of  the  dur!eth);Iamino  group  in  aiTiinothiocarbocyanines  In  I'le  present  investigation,-  tlic  t.ainc  problem 
was  studied  in  relation  to  certain  azo  dyes.  For  this  purpose,  the  simplest  amino  azo  dyes  coniaUiiog  alkyl 
radicals  in  the  ortlKi  position  to  the  dirrethyla.nino  gcip!  were  syniuesii'ca  and  investigated  optically.  Certain 
preparations  of  this  type  were  previously  known  Har’zsch  CH, 

observed  that  the  methyl  homolog  of  methyl  orange  is  prac-  ,  ' 

tically  lacking  in  indicator  properties  Upon  acidification,  -N— N*" 

the  color  of  the  solution  fades,  and  the  absorption  curve  be¬ 
comes  similar  to  that  of  azobenzene  [2]  Similar  properties  v^re  found  by  Hantzsch  for  the  o-rnrihyl  oerivative 
of  p-dLneihylaminobenzene  [3]  Later,  it  was  found  that  the  introduction  of  the  methyl  in  vicinity  to  a  dimethyl- 
amino  group  in  the  4-dimethylainLnO'4'-ruroazober;zene  molecule  shifts  the  absorption  maximum  by  40mfi  toward 
the  lower  wave  lengths  [4]  Recently,  results  vrfcre  published  .on  the  effect  of  five  and  six-mcnibcrcd  rmgs  condensed 
with  the  benzerie  nucleus  in  the  vicinity  of  a  dimethyl  amino  group  on  the  color  of  amino  azo  dyci  [5) 

It  teemed  desirable  to  show  how  the  color  of  the  azo  dye  changes  if  a  radicf’  of  incfcaving  *ize  is  in¬ 
troduced  i.nto  the  ortho  posniori  to  the  dimethylamino  For  this  purpose,  4  azo  dyes  of  the  struciutc  (a)  were  pre¬ 
pared  where  R  =  H.  CH,.  CjHj  and  iso-CjHr 

The  absorption  maxima  and  the  molecular  extinctions  of  these  preparations,  in  ixrutral  and  acidic  alcoholic 
P  solutions,  are  given  in  Table  1,  and  the  corresponding  absorption  curves, 

\  in  Fig  1,  . 

^  ^  ^  In  acidic  solution*  the  measurement  was  effected  in  a  mixture 

of  1  volume  of  cone  hydrochloric  acid  and  3  volumes  of  alcohol. 

In  neutral  alcoholic  solution,  the  substitution  of  a  hydrogen  atom,  in  the  ortho  position  to  the  dimethylamino 
group  by  a  methyl,  causes  a  slufi  in  the  absorption  maximum  of  the  preparation  b>  37  mp  toward  the  lower  wave- 

TABLE  1  *  lengths  (according  to  Blumbcrg  [41  by  40  m/i^. 

'  • _ _ _ _  The  transition  from  tlic  methyl  gr^’^Jp  to  the  ethyl 

Dye  !  In  alcohol  '  In  alcohol  HCl  group  of  greater  v&lun  e  increases  the  shift  of  the 

No  mu  c  10  *  Xniav  lOM  |  c  10  *  iiiaxiinum  to  50  mp.  the  isopropyl  reacts  still 

i  more  strongly  (55  rnp)  Tlie  intensity  of  absorp- 

I  .  2  2  508  j  5G8  ,,,,  decreases  with  the  increase  in  th.  volume  of 

r,  ■  ■  ■  '  I  ^  the  substituent  Tliereforc.  the  ortho  substituent 

.  '  -  425  2  18  ,  490  !  0  10  .  ^,,e  effect  of  the  d.imethyl  amino 

isoCjH,.  .  :  420  1  86  •  460  j  0  06  group  on  the  color  of  the  ammo  azo  dyes,  as  well 

as  OP  amino  cyanines,  stiifimg  it  from  the  plane  of 
the  benzene  ring 

In  acidic  solution,  the  absorption  maximum  of  dye  1(R  =H)  undergoes  a  suong  siiift  towarw  the  longer  wave¬ 
lengths,  from  475-508  mp ;  the  intensity  of  the  absorption  increases  This  occurrence  usual  for  many  amino  azodses, 
is  due  to  the  for  nation  of  salts  with  the  azo  group(I) 

With  dyes  2.3.  and  4  in  acidic  solution,  however  a  strong  decrease  in  the  intensity  of  absorption  was  found. 
Tliese  dyes,  as  tlie  methyl  homologs  of  methyl  orange,  are  faded  to  a  considerable  extent  by  acidity 

On  the  basis  of  Hantzsch  s  investigations  [Cl  it  is  known  that  the  different  reaction  of  the  amino  azo 
to  acids  is  due  to  the  fact  that  they  can  form  salts,  not  only  of  the  azo  group,  (I)  but  also  of  type  (il)  on  the  amino 
groups  vrhich  arc  lauto.iicric  with  them  .  (see  top  of  next  page) 

latter  results  in  llie  complete  e.xclusion  of  the  auxochrc.ne  The  absorption  of  salts  of  lypc(Il)  is  identi 
cal  to  that  of  the  corresponding  derivatives  of  a.ioben  cnc  According  to  Hant.xsch;  solutions  of  aiiiino  azo  compound 
salts  arc  equilibriu  .i  nixtures  of  tauto.iiers  (I)  and  (11)  In  most  of  the  dyes,  the  equilibriu  n  is  slutted  toward  the  salt 


TABLE  1 


In  alcohol 


v-n,  .  .  . 

CiHj.  . 

isoCjH,. 


In  alcohol  •»  HCl 
mu  *  c  10  * 


.!  5  68 
!  0  26 
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trc'  core:  craracte:  ri  *he  aruiro  Upor.  I  •  «  y'  "  \ 

the  de>trjc  Tio~  of  »ne  copla'arity  of  I'e  V 

diirethylarr-i'C  g'oup  a  d  tnc  be^ze'e  _ — ,,-j  A 

r^g.  the  elec’^ro''  pair  ot  the  'itroce*  atom  ^ 

loses  the  possibility  to  locate  the  benze“e  F-g  1  Con^i'^uous  curves,  solvent  alcohol,  broken,  solvent 

ring,  ar-d  subsequently  o'  the  azo  group  As  alco'.ol  +HC1 

a  resulv  tl;e  electro*  density  O'  ttie  nitrogen 

ato;n  of  tiie  azo  gro^p  decreases,  that  o-.  the  amino  group  rcreases  a'd  salt  formation  is  shifted  in  the  direction  of 
the  amino  group 

!o  acidic  solutio'sof  preparations  2  and  3  a  small  amount  of  the  salt  molecules  are  still  found  in  the  qum- 
Old  form  (the  absorp'ion  maxima  are  508  m^i  and  490  ran  respectively)  1'’  preparation  4.  where,  in  addition  to  the 
dimethylamino  group  there  is  a  large  isopropyl  group  the  equilibrium  is  almost  co.TJpletcly  shifted  in  the  direction 
cf  the  azo:d  salt  The  absorption  maxima  and  the  molecular  extinctio'  of  the  solution  of  this  salt  accurately  coin¬ 
cide  with  those  of  p  n:»roazoben2e«‘c. 

Th-e  same  effect  as  the  increase  of  the  voltme  of  the  ortho  substituent  is  given  by  the  increase  in  the  vol¬ 
ume  of  tne  aUyls  on  the  amiro  group  This  is  appare-t  from  a  comparison  of  »}e  absorption  of  two  azo  dyes  of 
R  structure  (b)  which  were  investigated,  where  R  =H  or  CH|  Their 

If'  u  ^  v—  .  absorption  maxima  and  exti'.ctior.s  are  given  in  Table  2 

—jN, =>•—<:  - 

-  (b)  '  TABLE  2 


In  alcohol  +  HCl 


max 


Cl 

/ 

-S=N-\ 

\ 

> 

1 

H 

(ID 

.. 

P54 


TABLE  3 


bje  i 

i - ^  1 

Basic  solution  ' 

'  Acidic  solution 

No.  i 

i  ’ 

’^max.  ' 

!  €-10*^  : 

■  ^max.  ‘ 

c-10‘‘ 

7  1 

i«  1 

1  1 

1  460 

2.46 

505 

4.43 

8 

C.H,  , 

^  423 

1 

1 

1.15 

435 

1 

;  0.06 

roethyl  hoinologs  (c)  were  investigated,  where  R-H 

As  is  known,  only  one  isomer  possesses  indicator 
properties,  the  one  with  the  carboxyl  in  the  ortho  position 
to  the  azo  group.  With  the  meta-  and  para-  isomers,  the 
transition  of  the  color  occurs  gradually  and  is  completed 
only  by  the  addition  of  a  large  excess  of  acid.  The  methyl 
homologs  of  these  dyes  were  unknown  up  to  now. 


The  methyl  homolog  of  methyl 
orange,  similarly  to  other  amino  azo  dyes 
with  steric  hindrances,  forms  predom¬ 
inantly  the  azoid  salt  in  acidic  solution 
and  is  inapplicable  as  an  indicator. 

Methyl  red  and  both  its  isomers, 
meta-  and  para  ■derivatives,  as  well  as  their 
COOH 
R 


(CH,),N- 


/ 


-N=N“. 

(c) 


\ 


Table  4  gives  the  optical  data  for  methyl  orange  and  its  derivatives. 


TABLE  4  Fig.  2  shows  the  rhsorption 

curve  for  the  dyes  listed  in  Table  4 
in  acidic  and  basic  solutions. 

It  could  be  expected  that 
the  methyl  homolog  of  methyl  red 
would  be  colorlen  in  acidic  medium 
like  the  mctliyl  homolog  of  methyl 
orange.  Unexpectedly,  it  was  found 
however,  that  the  introduction  of  a 
methyl  radical  into  theatho  position 
to  the  dime’hylamino  group  did  not 
essentially  change  the  properties  of 
methyl  red.  The  absorption  maxima  of  the  two  dyes  in  basic  and  acidic  solutions  differ  only  5  mp,  and  the  ex¬ 
tinction  is  almost  identical.  The  methyl  homolog  of  methyl  red  car  be  successfully  applied  as  an  indicator.  The 
transition  of  the  color  of  methyl  red  occurs  at  a  pH  of  4.4  -  6,2.  For  the  methyl  homolog  it  is  4.66  -  6.56  (tlie 
transition  interval  was  measured  by  the  buffer  method  at  the  transition  points,  the  pH  value  was  controlled  by  a  pH 
meter).  The  introduction  of  a  methyl  into  the  meu  and  para  isomer 
has  the  usual  effect.  These  dyes  are  colorless  in  acidic  solutions, 
forming  the  azoid  salt  predominantly. 

The  unusual  behavior  of  the  methyl  homolog  of  methyl 
red  must,  evidently,  be  due  to  the  unusualness  of  methyl  red  it¬ 
self.  Methyl  red  differs  from  its  isomers  in  that  it  alone  u  an 
indicator,  i.e.,  completely  forms  salts  in  a  narrow  pH  interval. 

It-  appears  that  the  unusualness  of  the  chemical  nature  of  methyl 
red  and  its  methyl  homolog  is  due  to  the  fact  that  the  formation 
of  a  hydrogen  bond  between  the  nitrogen  atem  of  an  azo  group 
and  the  carbonyl  (IV).  as  a  result  of  :he  addition  of  a  proton  to 
the  yellow  dye  anion.  is  possible  in  the  molecules  of  these 
compounds: 


Fig.  2.  Continuous  curves,  basic  solution, 
broken,  acidic  solution. 

•  Dye  14  could  not  be  completely  purified. 


The  possibility  of  the  formation  of  such  a  hydrogen  bond  forces  the  molecule  of  the  methyl  homolog  of 
n>ethyl  red  to  add  a  protoii.  not  on  the  amino  group,  but  on  the  izo  group.  The  idea  of  the  ring  structure  of  salts 
of  mcdiyl  red  was  put  forth  by  Thiel  [71  back  in  1923.  R  — 


Ethyl  esters  of  structure  (g).where  H,  CHj. 
were  studied,  in  addition  to  the  derivatives  of  methyl 
red. 

The  results  obtained  are  given  in  Table  5. 
TABLE  5 


;.'-N=N- 

(d) 


VcoOCjH, 


Dye 

1 

1  In  alcohol  I 

In  alcohol  ♦  HCl 

No. 

1  R 

i^max.  nip 

C-10-* 

^max.mp  c-lO** 

15 

'  H 

460 

2.85 

510  3.75 

16 

jCH, 

425 

1.55 

440-  460  0.06 

The  formation  of  a  hydrogen  bond  can  also 
be  postulated  in  salts  of  nitro  derivatives  of  p- 
dimethylaminoazobenzene  (e).  For  this  reason 
preparations  of  this  ype  were  made,  and  their 

(CHO,N-/  (c) 


spectra  studied  in  neutral  a.id  acidic  alcoholic  solutions.  However,  as  it  is  apparent  from  Table  6,  the  effect  of 
the  methyl  in  this  case  :«  very  strong.  Preparation  18  is  decolorized  by  acids,  i.e.,  it  forms  a  salt  on  the  amino 
group.  Apparently,  salts  on  the  azo  group  cannot  be  formed  because  of  the  attraction  of  the  electrons  by  the  nitro 
group  Tnis  even  occurred  with  the  unsubstituted  dye  17.  Its  molecular  extinction  is  smaller  in  acidic  medium 
than  ID  neutral,  whereas  the  opposite  usually  occurs. 


In  alcohol  ♦  HCl 


■max  c  *  10  *  I  nip  !  c  •  10  * 


440-460 


TABLE  b  With  the  dialkylarilines  which  have  substi- 

Dye  I  .  I  in  alcohol  ■  In  alcohol  ♦  HCl  -ii^lMamlno  g.oup  capable  of 

No.  j  “  c-10-‘ix„„nip!e-10-  electiophiUc  reacUons.  substitution  is  greafly  de- 

■  t  <  - - - i - j -  creased.  For  this  reason,  these  compounds  couple 

17  Jh  ‘  440  j  2.68  !  500  j  1.11  with  much  greater  difficulty  with  diazonium  com- 

18  jCH)  j  425  I  1.01  440—460  i  0.04  pounds  than  amines  which  are  unsubstituted  in  the 

•  ‘  ^  ortho  position.  With  the  active  diazonium  com- 

pounds,  p-nitrophenyl  diazonium.  p-sulfophenyl  diazonium.  and  diazotized  amino  benzoic  acids,  dimethyl  o- 
toluidLne  couples  satisfactorily.  But  upon  increasing  the  volume 

lABLEi 

of  die  radical  in  the  ortho  position,  the  yield  of  the  coupling  _ 

products  is  greatlv  diminished,  and  the  purification  is  very  dif-  Yield  of  the  dye  in 

ficult  because  of  tU'  incapability  of  the  products  to  crystallize.  _ <^0  of  theoretical 

Table  7  shows  the  effect  of  the  volume  of  radical  R  on  the  yield 

of  the  dye  of  the  general  formula  (f):  ^ . .  ' 

R  '  CH, .  57 


-N=N-<^ 

(0 


TABLE  7 

R 

Yield  of  the  dye  in 
•^0  of  theoretical 

H . 

71 

CH, . 

57 

C,H, . 

33 

iso-CjH, . 

9 

(•)  Dimethyl-o-toluidine  and  its  derivatives  almost  com¬ 

pletely  do  not  coiple  with  diazonium  compounds  which  contain 
electro  positive  substituents. as  for  example  p*anisidxne  and  p*phenetidine.  In  these  cases  not  even  traces  of  the 
dyes  coiHd  be  obtained  Dialkylanilines  with  two  ortho  substituents  do  not  couple  with  any  diazonium  compounds  [81 


EXPERIMENTAL 


Intermediate  Products 


Dimediyl-o-tiluidine  was  obtained  by  a  method  reported  in  one  of  the  patents  [9]  by  the  condensation  of 
oKoluidine  with  chlorcacetic  acid  followed  by  the  decarboxylation  of  the  N.N-dicarboxymethyl-o-toluidine  formed. 

o-Isopropyldimethylaniline.  12.7  g  of  o-anisidLne  [10]  was  heated  for  4  hours  with  10.5  g  of  dimethyl  sul¬ 
fate  at  130-140  .  The  glass-like  mass  formed  was  dissolved  in  the  minimum  amount  of  water,  and  sodium  carbonate 
was  added  to  the  solution  untU  the  evolution  of  carbon  dioxide  stopped.  The  upper  layer  of  the  secondary  amine  was 
separated,  dried  with  a  small  amount  of  fused  potassium  carbonate,  filtered,  and  once  more  tteated  with  10.5  g  of 
dimethyl  sulfate  under  the  same  conditions.  The  product  was  separated,  as  in  the  first  methylation,  dried  with  potas¬ 
sium  carbonate,  and  distilled  The  tertiary  amine  obuined  in  this  manner,  did  not  even  contain  traces  of  the  secondary 


amine.  Yield  S.5  g  or  62>  •.  E.p.  202-2 02.6* 

Founder  N  8,47,  8,65.  CuH„N.  Calculated ‘jt:  N  8.56. 

o-Ethyldifnethylaniline  was  prepared  by  the  methylation  of  o-ethylanlline  [11]  in  a  manner  analogous 
to  the  previous  preparation.  B.p.  196-199*.  which  corresponded  to  the  literature  data  [121 

Diethyl -o-toluidine  was  prepared  by  the  ethylation  of  o-toluidinc  with  diethyl  sulfate  in  two  stages  in  a 
manner  analogous  to  tfie  previous  compound.  B.p.  207-209*.  which  corresponded  to  the  literature  data  D31 


4-Diethylamino-4'-ricoazobenzene  [141  1.  and  4-diethylamino-4-nHroa2obcn2ene  [151  5  were  prepared 
by  the  coupling  of  p-nitrophenyldiazonium  with  diracthylaniline  and  diethyl  aniline. 

3-Methyl-4-dimethylamino-4*-^iitroazoben2ene  [161  2. and  3-methyl-4-diethylamino-4'-nitroazobenzene 
[15].  6  were  prepared  by  the  coupling  of  p-nitrophcnyldiazonium  with  dime  thy  1-o-toluidine  and  diethyl -o-toluidine 
in  aqueous  alcoholic  solution  in  the  presence  of  sodium  acetate. 


3^thyl-4-dimethylamino-4*-nitroazobenzene  3.  0.5  g  of  £-nitroanlllne  was  diazotized  and  added  to  a 

mixture  of  o-ethyldimethylaniline,  6  ml  of  alcohol,  and  2.5  g  of  crystalline  sodium  acetate,  which  was  cooled 
with  ice.  The  precipitated  dye  was  filtered  and  recrystallized  from  alcohol.  Orange  scales:  ro.p.  85-87*. 

Yield  0.3  or  33^. 


Found  N  18  66,18.61.  CjjHi,p,N4.  Calculated  <5fc:  N  18.71 

3-lsopropyl-4-dimethylamino-4'-nitroazobenzene  4.was  prepared  in  a  manner  analogous  to  the  previous 
preparation  from  0  5  g  of  £-nitrDanilme  and  0.5  g  of  o-isopropyldimethylaniline.  The  dye  precipitated  in  the  form 
of  an  oil  The  oil  was  extracted  with  chloroform,  the  chloroform  was  evaporated,  the  residue  was  dissolved  in  a 
small  amount  of  H2SO4  (1;  1).  The  oil  crystallized,  the  crystals  were  pressed  on  a  porous  plate,  and  recrystallized 
from  alcohol.  During  this  recrystallization  several  drops  of  ammonia  were  added  to  the  alcohol.  Oange  scales. 
Yield  0.1  g  or  9^5):  m.p  102-104*. 

Found  N  17.80,  17.73.  CnH,oOiN4.  Calculated ‘Jb;  N  17.95. 

l-Methyl-6-(4*-nit.rophenylazo)-tetrahydroquinoline.  1.7  g  of  £nitroaniline  was  diazotized  and  added  to  a 
cooled  solution  of  17  g  of  N-methyltetrahydroquinoline  [17]  in  10  ml  of  10*^  HCl.  After  several  minutes,  the  dye 
precipitated  and  was  filtered,  washed  with  water,  and  dried  in  a  desiccator.  The  yield  of  the  crude  dye  was  3  g  or 
88*^.  For  purification,  the  dye  was  chromatographed  from  a  benzene  solution  on  aluminum  oxide,  and  then  recrys- 
tallized  from  ligroin.  Mp.  159-160*. 

Found  *59:  N  18.60,  18.18.  Ci,Hi4piN4.  Calculated ‘Jt:  N  18.91, 

3-Methyl-4-dirpethylamino-4*-sulfoazobenzene  ,8.  2  g  of  sulfanilic  acid  was  mixed  with  10  ml  of  water, 
and  1.2  g  of  dimethyl-o-toluidine  was  added.  The  mixnire  was  cooled  to  0*.  and  0,8  g  of  NaN(^  in  10  ml  of  water 
was  added  with  efficient  stirring.  The  sodium  salt  of  the  dye  was  salted  out  with  NaCl,  filtered,  and  dissolved  in 
3  ml  of  60‘5o  acetic  acid  The  dye  dissolved  initially,  and  then  the  free  sulfonic  acid  precipitated.  Fine,  yellow 
platelets  (from  water).  Yield  0.5  g  or  18%. 

Found  %:  N  12.91,  12.78.  CisHijOjNjS.  Calculated  %:  N  13  15. 

The  dye  was  first  prepared  by  Hantzsch;  however,  the  detailed  method  of  preparation  was  not  given  by 

him  [2]. 

3-Methvl-4-dimethylamino-2'-carboxyazoben2ene.  10.  8  g  of  anthranilic  acid  was  dissolved  in  20  ml  of 
8%  NaOH.  and  a  solution  of  4  g  of  NaNQi  in  50  ml  of  water  was  added.  The  mixture  was  cooled  to  0  and  added 
to  25  nl  of  cold  8%  HCI.  The  diazo  solution  was  stirred  for  10  minutes  and  added  to  a  cold  solution  of  6  g  of 
dimcthyl-o-toluidine  in  50  ml  of  4%  HCl.  The  mixture  was  left  to  ^tand  over  night  in  the  cold.  The  precipiuted 
mass  was  filtered  and  extracted  with  boUing  toluene  2  g  (14%)  of  an  amorphous  dye  was  obuined.  After  several 
recrystallizations  from  toluene,  a  microcrystalline  powder  was  obtained.  M.p.  185-187  . 

*  The  yield  here  and  below  is  given  in  per  cent  of  the  theoretical. 

*•  The  boiling  and  melting  points  here  and  elsewhere  are  corrected. 
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‘  p;r^rhviami'-.a-3'-car^oyy32*>b£  -jc-c/il  0  5  g  of  m-amnober^oic  acid  was  dlazotized  ar.d  added  to  a 
solution,  of  0.5  g  of  diniethylanilir«  it.  25  mi  of  8^  FCl  A^.er  several  minutes.  1  g  of  crystalline  sodium  acetate 
was  added.  Tne  precipitated  dye  was  fUtered  a-d  recrys-allized  from  toluene.  Orarge  needles.  Yield  0.68  g  or 
68<5k  Mp"  207^08*.  TtuelfiSJgives  an  m.p.  210*  for  the  preparation, 

.•t-Vethy? 4-dime thylamino-3'-carboxya20benze»-e.  12.  was  prepared  analogously  to  ±e  previous  preparation 
by  the  coupling  of  the  diazotized  m  amlnoberzoic  acid  wi»h  dimethyl-o-toiuidLne.  Tne  yield  of  the  crude  product 
was  47.5^  Orange  needles  (from  llgroin);  m.p.  159-161*. 

Found  N  14.34,  14.44.  Calculated  N  14.84. 

4-DlmethvLami.ro4‘-carboxvazobea2e-e,  13.  was  first  prepared  by  Hantzsch  [19]  in  the  form  of  the  Na  salt 
,pjj  hydrochloride.  The  free  acid  was^ct  characterized  by  him.  or  by  other  Investigators  [18.  20].  This  dye  was 
p.-epaied  analogously  to  dye  11.  0.75  g  or  75^  of  the  crude  dye  was  obtained  from  0.5  g  of  p-aminobenzoic  acid 
and  0.5  g  of  dimethylar.Uire.  Fne  red  needles  (from  alcohol),  m.p.  251-252*  with  dccomp. 

Found  N  15  42.  15.56.  C^HrjO^Nj.  Calculated  <%:  N  15.67. 

3  Methyl  4 -dime unytami''0  4*  ca-boxyazobenzere  14  was  prepared  ir  a  50^  yield  in  the  form  of  an  amor- 
pr.oas  powder  analogously  to  the  previou  preparation.  The  dye  could  not  be  isolated  in  the  pure  state  because  of  its 
poo:  solubility  r  roost  organic  solvents. 

4  P!iT>ethylamiro4*  carboeg.oxyazober.ze-e  15  0.25  g  of  ethyl  p-amLnobenzoate  was  diazotized  and 

added  to  a  solutio-  of  0.2  g  of  dirrethyla'llr  e  r  5  ml  of  iO^v  HCL  1  g  of  sodium  acetate  was  added.  The  dye 
was  filtered  a--d  recrystallized  from  alcohol.  Orarge  tablets;  m.p.  158-160*.  Hantzsch  [3]  gives  an  m.p.  160*  for 
this  pre  paration. 

3-Methyl4-dime*’hylamino-4*-carbethoxyazob£nze~  e  16  was  obtained  analogously  to  the  previous  prep¬ 
aration  from  0.25  g  of  ethyl  p-aminobenzoate  and  0.2  g  of  dimethyl-o-toluidine.  r;.e  dye  precipitated  first  as  an 
oil  which  crystallized  later  Tne  yield  after  recrystalllzation  was  0.18  g  or  20^.  Orange  needles  (from  alcohol); 
m  p  76-78*. 

Found  <51:  N  13  90.  13.75.  C^HjiOiNV  Calculated  <>):  N  13.51. 

4:PimcthyIamiro-2  -nitroazobenzene.l7.  was  prepared  by  the  coupling  of  o-r.itrophenyldiazonium  with 
dimethylaniline.  Kl  p.  127*,  which  corresponds  to  the  literature  data  [21], 

3-Methyl 4-dlroethylamno-2*-rjtroazobenze’-e  18  1  4  g  of  o-r.itroaniline  was  diazotized  and  added  to 

a  mixture  of  1.2  g  of  dimethyl -o-lolu’dire,  6  ml  of  hCl,  and  8  g  cf  crystalline  sodium  acetate.  The  dye 
precipitated  ir.  the  form  of  ar  oil.  The  oil  was  separated  from  the  water  by  decantation  and  dissolved  In  a  small 
amount  of  co^ce.-.trated  HiSO^,  The  solidified  ma  was  pressed  or  a  porous  plate  and  re  crystallized  from  alcohol. 
The  preparation  obtar  ed  in  this  maa.ner  was  the  dye  sulfate.  T‘e  yield  was  0.33  g  or  10^.  Orange  rhomboids. 

M  p  191-193*  wirh  decomp.  An  oil  which  could  not  be  crystailrjsed  was  obtai'-ed  on  treatment  of  the  salt  with 
ammonia. 

Found  14  80.  14  73  S  8.60,  8  67.  w,SO^  Caiculajed  N  14.81.  S  8.49. 

SUMM.'.RY 

1.  V  order  to  study  the  effect  of  sterx  hindra-ce  o'  ^.e  auxochromic  action  ot  the  dialkylamlno  group  in 
the  azo  dye,  seve-teer.  azo  dyes  8  cf  them  new. were  synthesized  arxl  nvestigated 

2.  It  was  show,  that  the  Introduction  of  a  substituent  in.  the  ortho  position  to  the  dialkylamino  group  partly 
rerr'  /es  its  auxochjomic  effect  as  shown  by  shift  n  the  absorption  maximum  of  the  dye  toward  the  shorter 
wavelengths,  ard  a  decrease  in  the  ftterttlty  of  absorption. 

3.  It  was  shown  that  azo  dyes  conuining  subslimerts  in  the  ortho  position  to  the  dlalkylamlno  group  de¬ 
colorized  in  acidic  medium  the  intensity  of  their  color  decreases  ten-fold  and  resembles  that  of  azobenzene. 

With  the  absence  of  an  ortho  substituent  the  color  of  the  dye  solution  is  deepened  by  acidlftcation.  and  the  intensity 
increased.  This  phei  omenon  is  explained  by  the  fact  that  dyes  conuinl-g  substituents  In  the  ortho  position  to  the 
dUlkylamL-o  group  form  salts  on  the  dialkyian;i'o  group  .not  o'  the  azo  group.'  The  formation  of  such  salts  on  the 
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dulkyla.rino  gr-i-p  corrpletely  rt.ncvci  iis  auxochromic  aciioni  lli'-  tnctliyl  hoinolog  of  mei”  yl  t^d  is  a., 
exceptioii,  which,  in  spite  of  the  presence  of  steric  hindrance,  form'  salt  cn  the  azo  group. 
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INVESTIGATIONS  OF  CYANINE  DYES 
I.  QULNO-.  QUINOID-.  AND  QULNOTHIACARBOCYANLNES 

G.  T.  Pilyugin  and  Z.  Ya.  Krainer 

Questions  on  the  theory  of  color  and  die  establishioent  of  the  relationship  between  the  color  of  nxile- 
cules  and  their  structure  h:storically  were  solved  chiefly  by  the  investigation-s  on  dyes  of  the  triphenylmethane 
series.  However,  within  the  last  20  years,  polymeihine  dyes  of  the  cyanires  type  have  acquired  great  import¬ 
ance  in  investigations  on  color  problems. 


The  characteristic  property  of  their  structure  is  the  relative  simplicity  and  the  ability  conveniently  to 
change  the  composition  of  part  of  the  molecule,  which  is  converiert  fot  the  study  of  the  telation  of  color  of 
the  molecule  and  its  stiucture.  !n  addition,  molecules  of  *he5C  dyes  give  absorption  spectra  with  sharply  defined 
maxima,  which  is  not  found  ir  other  classes  of  dyes.  This  optical  property  is  of  essential  value  for  the  study  of 
problems  or*  the  theory  of  color. 

The  effect  of  substitution  on  the  various  positions  of  the  benzene  rir.g  of  the  heterocyclic  base  on  4ic 
color  of  the  cyani-e  dye  is  of  scientific  interest.  Tne  effect  of  polar  substituents  on  the  color  of  thiacarbocyan- 
ine  molecules  was  extensively  Investigated  by  Kipciar»ow,  Ushenko,  and  Sych  [1]  who  studied  the  effect  of  elec¬ 
tropositive  substituents,  introduced  symmetrically  Into  die  6.6*  position  and  showed  that  all  of  these  compouiids 
shift  the  absorption  maximum,  as  compared  to  the  u's-bstiiuted,  toward  the  higher  wave  lengths,  and  are  ar¬ 
ranged  by  their  bathochromlc  effect  in  a  series  corresponding  to  the  order  to  activity  as: 

I  H<C1«XH,<CH,<:  I<OC,H^OH<SH<NHSOiC,H*CH,CNHCOCHj<NH,<SCNHCH|<NHC,Hs<N(CH,),. 

Kiprunov  and  Ushenko  also  investigated  [2]  the  action  of  electronegative  substituents  introduced  Into  • 
the  6,6’  petitions  of  the  thiacatbocyanir.es  or  the  color.  It  was  mentioned  that  these  substiti’ents  also  deepened 
the  color.  ‘  The  greatest  shift  in  the  absorption  maximum  was  caused  by  the  nitto  group,  then  followed  the 
carboxy,  sulfo,  and  their  derivatives. 

The  effect  of  the  position  of  the  substituent  in  the  benzere  ring  of  the  heterocycle  base  on  the  color  was 
mainly  studied  by  Levkoev,  Sveshnikov,  and  Kheifits  [3]  on  the  symmetrically  disubstituted  dimethoxycarbocyan- 
ines.  It  was  mentioned  by  them  that  thiacyanines  substituted  in  the  5.5*  and  6,6*  positions  caused  the  greatest 
bathochromic  shift,  those  in  the  4.4’  and  7,7*  caused  an  insignificant  deeperingof  color.  Kiptianov  and  Sych 
showed  [4]  that  the  5,5*  substituted  of  the  disubstituted  dimethylthiacarbocyanir.es  showed  the  greatest  bathochromic 
shift,  those  substituted  in  the  4.4*  positions,  the  least.  Of  the  three  dihydroxythlacarbocyanices.  in  comparison 
to  the  unsubstitiited,  the  most  intensified  color  was  found  for  the  6,6*  hydroxy  derivative,  the  least  for  the  4,4* 
substituted  [51  DimethylamLno  groups  introduced  into  the  5,5*  and  6  6*  positions  of  the  thiacyanines  and  thia- 
pseudocyaoi.-ei  caused  an  almost  identical  shift.  The  same  was  riOticed  with  5.5*-  and  6.6*-amino  and  dimethyl- 

amuiothiacarbocya  lities  [61 

As  for  investigations  into  the  quinocyacir.e  series,  the  effect  of  such  substituents  as  the  nitro,  amino, 
acylamino.  and  dialkylamino  groups  ha*  scarcely  been  shown.  Hamer  [7]  synthesized  two  symmetrically  sub¬ 
stituted  pir.acyanols  with  acetylamino  and  amino  groups  in  the  6,6*  position,  and  otx  dye  with  a  nitro  group  in 
the  para  position  1$  k.nown  [81 

The  effect  of  the  nitro,  amLno,  acetylamino  beazoylaroino.  and  dimethyl  groups  on  the  color  of  quino- 
caibocyanines  was  investigated  and  the  effect  of  disturbance  of  symmetry  of  the  molecule  was  shown. 

Nitro  derivatives  of  quinaldine  were  prepared  by  direct  nitration,  or  by  the  condensation  of  the  corres¬ 
ponding  rJtroanilir.es  with  paraldehyde  [91 


.  V  ,'-:  .  ^ '  .e- ;rw'e  w:tr.  rr.etijyl  iodide 

O'  et>>y-  p  '-’ue  c*-jI^o--»te  retpecr-tly  ---de:  :i  is  -ecessary  ro  ire'UO'  tnat  b-niiroquiruldine  could 

rot  ti'm-de  n  foiir  i:e  q..a^enary  salt  appare-'Jy.  becaave  of  steric  hir.drarM:e  a-d  basic  mubaal  electronic  ef¬ 
fects  fou^  a:ou-d  the  -'i-ge:.  of  tr.e  re-ex-ocycle  a'=d  that  of  the  ritro  group. 

The  acyUtior.  o'  tr.e  co'resp  -di'g  amlrc  derr-an'cs  produced  S-ar^  6-acetylamlnoqulnaldine.  as  well 
at  5-berzoyl  dern a'ives  of  quL-a!d::ie  Sulfo-ates  of  -he  acylamL-o  derivatives  were  obulned  generally  by 
heatrg  equ’vale::  amounts  of  re  reterocyxlic  bases  wi— ethyl  p-iolue3es.ilfooaie. 


'1 

^  V-Cn,  T  CH,-\ 


CjH,  GH,C;b;4S0; 


Tne  co-de'satio".  o^  parad'jEerylairincar.iii'c  v\-±  paraldehyde  produced  6-d:n.?thylamlnoqulnaldlne. 
the  reatiTig  of  which  i*  sea'ed  'ube*  res-lted  r  the  sepaia'iio-.  of  two  isomeric  salts,  whxh  differed  In  their  physi¬ 
cal  i'd  chemical  proocrti^s.  ^rcier  [iO]  ^ad  observed  a  sirriiar  occurrence. 


C,Hi 

CH\,  I 


i>onvr  A  is  less  snl^ble  r  %'co.tcI  •$  reddisr  o:«  ge,  melts  at  22C'.  and  readily  condenses  with  ortho- 
form’c  ester  to  form  t'-e  eva  t'e  dye  Tne  secc*-'d  omer  {?)  is  yellow  orange  more  soluble  in  alcohol,  melts 
at  iOO*  a'd  does  ot  gt-e  a  cya-.-.e  co■de'sjrI•^^  tr.  or.*^o  esters  Suer  properties  of  these  Isomeric  salts  are 
esplatred  bv  srrucp.ral  d’^*ere"es 

Symme’''ial  qoi'oca'bocya' I'es  were  p'eparsi  bv  'he  conde'-satio"  of  quaternary  salts  with  orthoformic 
es'cr  fii]  ••  rynd»"e  accot^d*'g  to  he  scheme 


“O.OC, 


rH”CH=l 


where  R  a-d  R  c-'  be -‘  KIOC-.  —  nCOC^Hj  “HCHOi. 

The  atsorp'ior  spec'ra  of  tie  sy'tn*^ized  dye-  ae giver  I*.  Table  1. 

As  It  IS  appare~t  t  e  '^itro  group  sri<ts  the  abv>rjT'o-‘  ma»lmum  as  compared  to  the  ursubstituted  quino- 
carbocyari  e  'oward  the  lo  g®:  wavele-g  h.  by  26  m-  "e  5.5*  positions  by  28  m»«  !•'  the  6,6’  positions.  An 
ami'c  gro*.p  ir  the  6  6  po»it:ors  of  p  acya^cl  ca'.s*-d  a  batrxrjom'c  shift  of  38  mp  5  5  Diamino  derivatives  are 
i''terestmg  TfjC  aiin'o  g'Oup  which  as  ts  hnowr.  ts  a  s^ro'g  auvochreme  or  being  introduced  into  the  5,5'  positions 
doe^  'Hvt  eifec'  the  colo'  of  the  dye  I-  isocya'’:  es.  an  ami:  o  group  in  the  G.C  positions  shifts  the  absorption  maximum 
by  20  iDm  mward  the  lo'ger  wave  lerg»*^?  a'd  has  'O  c^ect  o'  tne  color  in  positions  5.5  [7]  Substitution  of  the  hydro- 
ge'>  "f  »fe  ammo  group  by  ar  acetyl  rad'cal  causes  a  hypxvcrro.mic  shift  of  17  m»i  as  compared  to  the  amino  derivative, 
b>r  ir»ers»<ies  the  color  (by  21  mu)  re’anve  to  ti«  u'subsTit.»ed  quinocarbocyat.ine  Mcthylation  of  the  p  amino  group 
causes  a  bathochromic  shif*  of  22  compared  to  'he  amt"?  derivative  and  by  60  relative  to  the  unsubstituted. 

This  etfert  fo'  »h:e  qut-ocaibo  ya* ’-e  n  i :  complete  agreemert  with  the  results  for  tne  thiacaibocyanire  [12]/  the 
battiochromic  ac'ion  ot  elec’inpo  it»  e  si.bsti*’.je'ts  I'crease-  with  the  increase  in  the  basicity. 


TABLE  1 


Substituent 

i 

Position 

1  Absorption  max. 
i  in  mu 

Shift  of  absorp¬ 
tion  max.  in  mp 

H . 

- 

604 

— 

NO^ . 1 

1  5 

630 

26 

NO, . 

6 

632 

28 

KHCOCH,  .  .  . 

5 

616  1 

I  10 

KHCOCH,  .  .  . 

6 

625 

i 

NHCCX:,H,  .  .  . 

5 

612  ! 

-  8 

KH, . 

5 

604  1 

1  0 

KH, . 

6 

642  1 

1  38 

N(CH,',  ..... 

6 

664 

60 

SubsurjcDt*  which  are  electrchegativc 
in  character  cause  an  intensification  of  the 
color  of  the  molecules  to  a  smaller  extent,  at 
compared  to  the  electropositive.  Kiprianov 
and  Pil>-ugin  [13]  showed  that  the  absorption 
maximum  of  as>'mmeuical  molecules  are  not 
always  the  arithmetical  mean  values  of  the 
corresponding  symmetrical  ones,  but  are  shifted 
toward  the  shorter  wave  lengths,  this  shift 
being  greater,  the  more  considerable  the  dif¬ 
ference  in  the  basicity  of  heterocycles  formed 
by  the  asymmetrical  molecules.  Kiprianov 
and  later,  Brooker  [14]  confirmed  these  phen¬ 
omena  with  new  examples  of  cyanine  dyes. 


Asymrrecrical  irdo-and  thiaquinocarbocyanines  were  synthesized  by  the  corxiensation  of  quatenury 
salts  of  substituced  quinaldine  with  2-S-acetanilidovinyl-l,3,3-trlmethylindolene  iodide  and  2-d-acetanilido- 
vinyl-2-methylbenzthiazole  ethiodide  [151  The  optical  data  of  these  dyes  are  given  in  Table  2. 


Where  R*  and  R'  can  be: 
R  can  be:  “CH|  or  CjHj  : 


-KO^;  -NHCOCH,;  -NHCOC,H5;^CH, 


Z  can  be :  —S”  or  -C 

N:h, 


♦  C^NHCOCH, 
♦  HI 


♦ 


The  presence  of  the  elecrror>egative  nitro  group  in  the  5  and  6  positions  of  the  quinoline  ring  leads  to  the 
equalization  of  the  basicity  of  the  heteroc>'clic  base,  as  a  resul»  of  which  the  absorption  maxima  of  asymmetrical 
molecules  tend  to  be  of  additive  value  (examples  1  and  2).  Introduction  of  an  electronegative  and  electropositive 
substituent  Lnto  the  molecule  of  asymntetrical  dj-cs  leads  to  a  considerable  bathochromic  shift  of  the  absorption  max¬ 
imum.  relative  to  the  unsubstituted  molecule,  where  it  was  more  expressed  in  molecules  with  negative  substitueno 
(niuo  group). 

EXPERIMENTAL 


5-Nitroqi)inaldine  methiodide.  2  g  of  5*nitroquinaldine  and  1.84  g  (20*?>  excess)  of  methyl  iodide  were  placed 
into  a  sealed  tube.  The  tube  was  heated  for  3  hours  at  60-70*  and  2  hours  at  100*.  Upon  raising  the  temperature  at 
once  to  100-110*.  a  tarring  of  the  reaction  mass  occurred.  At  the  end  of  heating,  and  after  cooling,  contents  of  the 
tube.  In  the  form  of  a  green  colored  crystalline  mass,  were  transferred  into  a  porcelain  dish,  triturated  with  ether,  and 
a  small  amount  of  alcohol,  filtered,  and  washed  well  with  ether  and  alcohol.  The  salu  were  purified  by  two  recrystal¬ 
lizations  from  alcohol.  Green  crystals,  in  the  form  of  sheets,  which  melted  at  201*  after  recrystallization,  which  cor¬ 
responded  to  the  literature  data  llCJ  Yield,  58^  of  the  theoretical. 

C-Nitroquinaldine  ethyl-p-toluenesulfonate.  2  g  of  p-nitroquinaldine  and  2.61  g  (20^  excess)  cf  ethyl  p- 
toluenesul fonate  were  heated  to  reflux  for  4  hours  on  an  oil  bath  at  110-120*.  Upon  cooling,  the  quaternary  salt  waa 
extracted  with  hot  water,  and  the  salt  solution  was  shaken  with  toluene  in  a  separatory  funnel  The  aqueous  solution 
of  the  sulfonate  was  then  evaporated  in  an  evaporating  dish  on  a  screen  at  150-160*.  The  sulfonate  was  stored  in  a 
desiccator  over  sulfuric  acid.  Upon  cooling,  the  sulfonate  solidified  into  a  glass-like  mass  dark  red  in  color.  The 
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julL  re  oitc;:ed  ir.  rr.^rsc:  co  .dfried  to  '.he  dye.  ioi 

Yield  of  the  sulfor.ate,  i.i9  g  or  40. TO^  the  theoretical. 


Viis  reason  it  vas  not  purified  further. 


TABLE  2 


i  Absorption  rrax.  in  mg  !  Shift 


E*pt. 

No. 

Name  of  dj-e 

t 

i 

4-k  • 

Symm. 

I 

Sym-m. 

II 

Asymm. 

addit. 

Asymm.  j 
found 

■  1 

Hypso-  • 
w—omic 

Batbo- 

chromic 

1 

(l-:.^'Jiyl-5  -i:toqu:-ol:r-.e  2)  (1  3  3-tri- 
meth  ylir.doii'e  •2)-trirreth:.-'ecyar  itjC 
'  iodide 

630 

1 

j 

545  1 

1 

587.5 

1 

588 

0.5 

2 

(l-Methyl-6-r.iW)qui-olL-je-2)'(1.3  3- 

trimethy!itdolirjc-2)-trirrethir-ecyaninc 

Iodide 

632 

' 

545  . 

1 

.588.5 

■ 

589.5 

■ 

1.0 

3 

'  (1-E».’'yl  5-ac<*ylarri:oqui'  -l"e  -2)- 

(13  3  tr.rr>c:hyL'--do.i*e)-trimethLte- 
cyani'e  perchlora'e. 

' 

. 

616 

6«  i 

580.5 

565 

15.5 

4 

(1  Tthy  -B-ace'ylami'oq^i.'oli.e  ^J- 
Cl  3  3  tr!m2'r.yli'do’i  e  2)-::ui>etntre- 
cya'j.-e  .odide. 

625 

■ 

545 

585 

. 

570 

15.0 

5 

(i  Et'yl-5  be'zoyiamroqvi'^’i-f  2)* 

(13  3  t:-n>e*j;>’:'do’i'e  2'  tr:Jne'-^J.•'Je- 
Cya^l■e  lod’de 

612 

545 

578.5 

565 

13.5 

6 

(i  Ethyl  6  an:)*'hq^r  rl,  e  2)<i  3  3* 
'rimethyii-dol: :e  2;  o^imetr..:ecya'i-e 
iodide 

642 

545 

■ 

593.5 

564.5 

29 

7 

(1  Er.yl-S-  .:troqui'cli*  e  2)  (3-ethyl- 
be-z'-riazele  2;  trimethr.ecya'l'e 
iodide 

' 

630 

558 

594 

595 

1 

8 

( i.  -Eih  y  1  €  -nitroq  j :  -oil:  e  -2  )  -(3  e  t-hyl- 
be  z:ri«zo.e-  2;  'rimethL'.ccyari-e 
iodide 

632 

558 

595 

597 

! 

1 

2 

9 

(1  Etbyl-5  acetylami  oqiir.elL':*  2)- 
(S-ethylbe-.z'.riazo'le  2j  riimethi'.c 
cyantre  iodide 

616 

558 

587 

. 

585 

1 

i 

:  2 

1 

10 

(i  E»hy!  6-acetylaml.  oqutr.clL'e) 

(3  -etry Ibe-'.zih lazole  2)  trimethlr.ecyari'^je 
iodide 

625 

558 

591.5 

589 

1 

\ 

i 

1  2.5 

11 

f 

1 

(l-Ei*- yl-S-be-zovUmuioqoL-oltre  2)- 
{3  etry'be'z»r:azOi2-2)-!rimethl:.e- 
cya'iie  iodide 

• 

612 

558 

585 

582.5 

1 

1  2.5 

1 

12 

(I'Etr  yl-€  am‘  cqui'.olne  2)  -(3- 
etryibe'.z'±iizole  2)  trimethi.'ie- 
cya-  I'e  iod<de 

642 

558 

600 

587 

1 

! 

1  13 
i 

1 

i 

! 

5 -Acetyl Aml~.3qul:aMi~e  eth>i-p-toh,.e~eyjl^onate.  A  hydrochloric  acid  solution  of  25  g  of  S-nitroquinal* 
dre  was  added  stepwise  to  a  mi>t.re  of  40  g  of  tir  ar.d  coricentrated  hydrochloric  acid.  After  several  minutes,  a 
crystalline  cream  colored  rerd.e  o^  the  do.ble  sa.t  of  5  amL'«cquiraldl*e  and  tin  tetracnlorLde  begau  to  separate. 

Lpo'  coolir.g  tne  tr’w'jre  the  residue  was  IrJte'ed,  carefully  pressed,  and  dissolved  in  water.  A  concentrated 
sodium  r.ydro'.de  soij"o'  was  added  to  ^hc  aqueous  so'.utio?  of  the  double  salt  until  the  precipitation  of  amlnoqulnaldine 
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Expt. 

b!o 

r 

{  Name  of  dye 

1  j 

•  j 

Quaternary  salt  and 
^  its  quantity  (in  g) 

1 

1  1 

1  1 

!  i 

c  j 

1 

i 

Condensa¬ 
tion  condi¬ 
tions 

p>’ri-|  hea:- 
dine  1  ing 
(in  j  time 
■  ml)  !  fminl 

Ivield; 

(in 

‘  % 

1 

i 

‘  !  i 

M.p.  Found  1 

1 

i 

i 

- r-n 

Empirical  | 
formula 
!  1 

Calcd. 

(^) 

r 

1 

1 

;  Eis-(l-<thyl-5-r.itroquinc»rie*' 
1 2)-tiimethinecyanine 
j  p-toluenesulfonate  j 

5-Nitroqui.naldine  ethyl 
p-toluenesulfonate  (2  g) 

2  ! 

] 

|6 

)  1 

45 

1 

22 

i 

1 

] 

I324*  ! 

S  5.37 

CaH«I^SO, 

S  5.21 

2 

'  Bis-(l-€thyl-6-r.itroquinal- 
1  dL-^-2)  -trimethir.ecyar.ine 
i  p  toluene  suitor  ate 

6-Nitrcquinaldhe  ethyl- 
p  toluenesulfonate  (3  g) 

3 

8 

1 

1 

50 

1 

i 

21 

! 

1 

330 

1 

1 

S  4. 95 

CaH^N^SOr 

! 

S  5.21 

1 

\ 

3 

Bis-(1  eihyl-5-acetylamino- 
quinol*ne-2)-trimeihine- 
cyani'e  iodide  * 

j 

5  -  A  ce  tyl  a  m  ir  oquir.al  - 
dir  e  ethyl -p-toluene¬ 
sulfonate  (4g) 

1 

4 

! 

i 

7 

60 

27 

1  '  .  1 

■262 

1 

1  ' 
i 

121.  S4I 

C„H„N4(\I  1 

1  I  21.34 

4  ! 

\ 

8is-(l  ethyl  6  acetylamino-  1 
quinoline  2)  trimethine- 
cya’'i'je  nidide  j 

6  Acctylaniinoquir.al- 
dirc  ethyl  p  toluene- 
1  sulfo.nate  (2.5  g) 

2  5 

6 

40 

22 

,320 

1  : 

I  : 

[  < 

1 

1 

*“ .  ! 

5  1 

.1 

Bis^l  ethyl  5  benzoylam 
iriOq‘uinoiinc-2)  trimcth- 
linecya'.i  e  iodide 

5-Be.nzoylami':oquinal- 
dire  ethyl  p-toluere 
sulfonate  (2  g) 

2 

6 

60 

12 

298 

N  7.4S 
!  7.62 

i-  C,^aN4P|I 
1 

N  7.79 

6 

1 

Bis  (l-ethyl-6  dimeihyl- 
aminoquinri  ine-2) 
trimethir  ecyanL'^e  iodide  j 

C  Dimethylamino 
qunaldr.c  ethiodide 
(2  g) 

2  • 

6 

120 

• 

24 

242 

.122.73 

»  1 

C„.H55N4l 

t 

I  22.40 

stopped  The  base  was  filtered,  washed  with  water  until  the  alkali  was  removed:  it  was  then  boiled  with  water  and  fil¬ 
tered  hot  Ijpo'’  cooling  the  filtrate,  the  base  crystallized  in  the  form  of  yellow  sheets.  The  yield  of  5-aminoquinal- 
dine  after  two  recrystallizations  from  water  using  animal  carban,  was  14  g  (68.2*51!).  Acetylaminoquinaldinc  was  obtained 
from  ammoquinaldire  (4  g)  and  6  ml  of  acetic  anuydride  by  heating  for  20  minutes,  and  was  recrystallized  from  dilute 
alcohol.  Acetylami'.oquinaldine.  tn  the  form  of  white  needlelike  crystals,  melted  at  204*.  The  sulfonate  was  obtained 
by  heatir>g  equivalent  quantities  of  acetylamnoquinaldLne  and  ethyl  p-toluenesulfonate;  the  latter,  upon  corxlensation 
with  ortho  esrers,  readily  gave  cyani.oe  dyes. 

6  Acetylaminoquinzldine  ethyl  p  tolue-.esulfo^.ate.  This  preparation  was  obtained  by  heating  2.5  g  of  6-acetyl- 
aminoquinaldi  e  and  2  62  g  (5*^  excess)  of  ethyl  p-toluene  suUorate  to  140*  with  a  reflux  condenser  on  an  oil  bath. 

Upon  coolLng,  the  sulfonate  was  a  solid  dark  red  mass.  The  salt  obtained,  as  with  the  subscquertly  synthesized 
aceiylamino  derivative  sulfouates,  was  not  purified  with  water  in  order  to  avoid  panial  hydrolysis  of  tire  acyl  group. 

The  sulfonate  was  stored  in  a  desiccator  over  sulfuric  acid.  The  product  readily  gave  a  cyanine  condensation. 

5  »enzoy!amiroqui:»a}di-e  ethyl  p  tolueresulfonate  5  g  of  powdered  5-aminoquinaldme  was  introduced  into 
50  ml  of  a  10‘5<i  solutio-!  of  sodium  hydroxide,  a-'d  5  58  g  of  benzoyl  chloride  was  added  stepwise  with  efficient  stirr- 
ng  to  the  suspension  obtau-ed.  The  reaction  mixture  was  at  all  times  cooled  externally  with  ice,  and  was  stirred 
until  most  of  the  acid  chloride  had  reacted  (after  approximately  15  minutes).  The  reaction  mixture  was  then  heated 
slightly  to  decompose  the  benzoyl  chloride.  Upon  cooling  the  mixture,  the  precipitate  was  filtered,  washed  with 
water  until  complete  removal  of  the  alkali,  and  air  dried  M.p.  205*.  2  g  of  benzoylaminoquinaldine  and  1.67  g 
(5  %  excess)  of  ethyl  p-toluer  e sulfonate  were  heated  to  140*  for  3  hours  with  a  reflux  condenser.  The  sulfonate  salt 
obiaif,ed  in  tliis  ma’^ner  was  condensed  with  ortho  esters  and  gave  good  quinocyanine  dyes. 

6-Din')ethylamir’Oquinaldire  ethiodide.  3  g  of  6'dimethylamtr-oquinaldine  and  3,33  g  (20*|^  excess)  of  ethyl 
iodide  was  heated  for  6  hours  in  a  sealed  tube  at  140-150*.  Upon  cooling,  the  crystallLne  orange  mass  was  transferred 
from  the  tube  into  a  porcelain  disl\  where  it  was  ground  with  a  small  amount  of  alcohol  and  ether,  filtered,  and  once 
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Expt. 

No. 

Name  of  dye 

1 

Quaternary  salt  and 
j  iti  quantity  (in  g) 

Intermediate  product  : 

(ing)  ! 

1 

(l-Nfe:hyl-5-nitroquinoli.ne-2)-  j 

(1.3.3-trimethylir.doleaine-2)-  j 

1  trimeihinecyarine  iodide  j 

[  5'Nitroquinaldiae  rocthiodide 
(0.61  g)  . 

2-6-Acetanilidovinyl-l,3.3- ! 

uimethylindolenine 

iodide  (0.75  g)  i 

O 

4* 

1 

j  (l-Kfc±yl-6-citroqjinoline-2)-  ^ 

(1.3.3-trimethylindolenine-2)-  | 

trimethine cyanine  iodide  j 

6-Nitroquinaldine  rocthiodide 

1  (0.44  g) 

*  Same  (0.5  g) 

3 

(1 -E  th  yl-6-acetylam  inoquindiae- 
1  2)-(1.3.3-ciimeihylir.doleniiie-2j  , 

!  triraethinecyanine  iodide  1 

6-Acetylaminoquinaldire  ethyl- 
p-tclueuesulfcnate  (O.SS  g) 

Same  (0.9  g) 

i 

4  I 

I 

I 

i  i 

1  (l-Eihyl-5-acetylaminoquinoline- 
i  2)-(1.3.3-cnmethyiindolenine-2)-  j 

1  trimethinecyaninc  perchlorate  | 

;  5  A:etylaminoquinaldine  ethyl- 
1  p-toluenesulfonate  (0.85  g) 

Samep.9g) 

I 

5 

I 

1  ,  1 
1  (l-Ethyl-5-benzoylaminoquinclme- 

I  2)-(1.3.3-trimethyIindolenine-2)- 

1  tiimefcicecyanine  iodide 

56enzoylaminoquiiuldine  ethyl- 
p-toluenesulfonate  (0.36  g) 

Same  (0.3  g) 

6  I 

j  (l-Eibyl-S-nitroquirioline-C)- 
(3-ctI:yIbenzthiazole-2)-triroe- 
thinecyanire  iodide 

5’-Nitrcquinaldine  methiodide 
(0.45  g) 

2-B  Accti.nilidovlnyl-3- 
ethylbcnzthiazole  iodide 
(0.5  g) 

’  I 

i 

j  (1 -E±yl-6-ciiroQu incline -2)- 
1  (3-e±yIbenzthiazole-2)-trimethine- 
1  cyanine  iodide 

6-Nitroquinaldlne  methiodide 
(O.SCg) 

Same  (0.1  g) 

8  i 

I 

I 

\ 

1  (1-Ethyl-c-acetylaminoquinoliae- 
1  ■2)-(3*cthylben7.thiazole-2)- 

j  trimeti:iriccyapne  iodide  j 

6-Acctylaminoquinaldine  ethyl- 
p-toluenesulfonate  (1.56  g) 

Same  (1.5  g) 

9 

1  (l-Eihyl-5-acetylaminoquinoliae- 
1  -2)-(3'Cthylbenzthiazole- 

2)-triinethinec-yanine  iodide 

5'Acetylaminoquinaldine  ethyl- 
p-toluenesulfonate  (0.52  g) 

• 

Same  (0.5  g) 

10 

i 

1 

\ 

1  (l-Erhyl-5-ben20ylaTTjinoquinoli- 
j  dene-2)-(3-ethylbenzthiazole-2)- 

1  uimediinecyanine  iodide 

1 

5-6enzoyl3minoqul.naldirie  sthyl-« 
p-toluenesulfonate  (0.98  g) 

i 

1 

Same  (0.8  g) 

i  •  : 

1 

more  ground  with  ether.  Isomer  (A)  ^*z.s  isolated  in  the  form  of  dark  ted  crystals  by  crystallization  from^a  small 
amoua  of  alcohol. 


This  isomer  formed  a  cyanine  dye  with  ethyi  orthofcrmate.  Mp.  224-226*  (with  decomp.).  Isomer  (B), 
of  lighter  color,  was  isolated  from  the  mother  liquor  by  precipiution  with  ether,  which  did  not  form  cyanine  dyes. 
M.p.  ICO*.  Upon  further  heating,  the  molten  salt  solidified  in  the  capillary,  and  melted  at  222-225*  (with  decomp.); 
it  is  believed  that  isomerization  to  (A)  had  occurred. 

Sy.nthesis  of  Dyes.  Data  on  the  synthesis  of  dyes  and  their  properties  are  given  in  Tables  3  and  4. 

Bis-(l-ethyl-6-aminoquinoliTe)trimethinecyanine  iodide.  0.6  g  of  the  dye  bi$(l-ethyl-6-acetylamincquin- 
oliije-2)trimethirsCcyanine  iodide  was  saponified  by  heating  with  6  ml  of  cone,  hydrochloric  acid  for  3  hours  on  the 
boiling  water  ba&.  Upon  cooling,  the  yellow  solution  of  the  saponified  dye  was  neutralized  with  ammonia.  The 
solution  turned  greeic  The  precipitate  which  formed  was  filtered  and  washed  with  water  to  complete  removal  of 
the  ammonia.  2  ml  of  a  saturated  potassium  iodide  solution  was  added  to  the  hot  alcoholic  solution  of  the  dye. 
Upon  cooling,  a  dark  green  powder  with  a  bronze  cast  separated.  The  dye  was  filtered,  washed  with  water,  alcohol. 
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1  A  D  L  £  ** 


■React  lOt; 

condition 

M.p.  with 

found 

(Ui 

Empirical  formula 

[Pyndine 
i(Ln  ml) 

[  HcatLng  time 

1  (in  min.) 

(Li^) 

decomposition 

Calculated 
(in  ‘jt) 

!  ^ 

40 

34 

258* 

124.93 

124.72 

4 

f 

. 

40 

. 

60 

■ 

265-266 

1  24.40 

I 

1 

124.72 

3 

45 

27 

272-275 

I  23.22 

•  -1 

123.53 

4 

i 

45 

32 

228-229 

Cl  7.23 

C,?H„N,Oja 

a  6.92 

1 

;  2 

1 

60 

27 

•  230-232 

N  6.81. 
6.76 

CbHsNjOI 

N  6.98 

1  3 

40 

26 

273 

N  7.83. 
7.99 

C„H„NASI 

N  8.12 

U  1 
1 

. 

45 

20 

287 

124.70 

CtaH»,NASI 

1 24.53 

1 

;  1 

i 

30 

30 

308 

N  7.34. 
7.45 

CttHsjNjOSI 

i  N  7.73 

i 

i " 

j 

50 

25 

278 

1  23.10 

CtsHj^NjOSI 

123.10 

s 

4 

y 

i 

50 

24 

262 

1  20.60 

C„H„N,OSI 

120.96 

ard  ether.  Ktp.  262*  (with  decomp.).  Yield  alter  recrysiallizaiion  from  alcohol  was  42.6^  of  the  theoretical. 
Absorpttori  maximum.  642  mp. 


(6  Amr  o  l-ethylquinoh~e  2)  <1.3  3-:rimethylL  do’c  ii-ie-2)  trimethinecyanine  iodide.  O."  g  of  dye  No.  3 
(Table  4)  was  saponified  by  heatrg  with  5  ml  of  ccnc.  hydrochloric  acid  for  half  an  hour.  Upon  heating,  the 
dye  disx)lved  completely  w:tr.  decol3r:.zation.  The  dye  wat  precipitated  from  the  acidic  solution  with  a  15^ 
ammonia  solution.  The  dar)«  green  powdery  precipitate  w^j  fil’ered,  washed  with  water  to  complete  reriMval 
cf  ammonia,  tner.  with  alcohol  and  ether,  and  ther  dissolved  in  boiling  alcohol.  2  nil  of  a  potassium  iodide 
solutior.  was  added  to  the  hot  filtered  alcoholic  dye  solution.  After  cooling,  fine  dark  green  crystals  with  a 
bro.-ze  cast  of  the  dye  separated.  Yield  of  the  dye  af»er  tecrystallizatior.  from  alcohol.  40^  Absc-ptlon  maxi¬ 
mum,  564  5  mp  It  melted  with  de compos  it lo.'i  within  the  ir.terval  of  188-222*. 


Found  <5^  N  8  55,  8  62.  Calculated  <51:  N  8.45. 

(6  Anrr  o-l-ethylqjroli'e  2)  (3-ethylbciizthiazole  2)-mmethinecyarire  iodide.  The  dye  was  obuined 
by  the  above  method.  The  yield  was  55^  after  recrysiallization  from  alcohol.  Fine  green  cry-ials.  Absorption 
maximum,  587  mp. 


Fcuncl‘5i:  N  S.GO,  i.5V.  Cfchj^NjSL  Calcul-ied  V  N  8.38. 

SUMMARY 

1.  The  sy-rtbesis  and  Ir.veuigatlon  of  optical  properties  of  several  nitro-,  arrlno-,  acetylamlno*. 
benzoylamiro.  and  dunethylaminoqulr.ocarbocyanlnes  were  effected.  Twehe  asyirmcaical  trimcthlnc- 
cyanine  dyes,  thioquino-  and  indoquinocarbccyanines,  were  symthesized,  and  their  properties  were  investigated. 

2.  It  was  shown  ^»at  all  elcct.-opositive  groups  shifted  the  absorption  maximum  toward'  the  longer 
wavelengths,  wherein  the  bathochromic  action  of  the  substituent  increased  with  Increase  in  their  basicity. 

Substituents  in  the  6, 6' -positions  caused  a  greater  shift  than  the  same  in  the  6.5’-positionv 

3.  A  hypsochromic  shift  of  the  absorption  maximum  was  found  with  thioquino-  and  indoquino- 
caibocyanLnes  with  an  acetylamino  and  amino  group  in  the  quinoline  nucleus,  which  iiKreased  with  the 
increase  in  the  degree  of  basicity  of  the  heterocycle  formirtg  the  dye.  The  ihioqumocyatilne  had  a  smaller 
hypsochromic  shift  than  Lndoquinocyarines  with  the  same  substituents  m  the  quinoline  nucleus. 

The  authors  r/ish  to  express  their  gratitude  to  V.N.  Tolmachev  for  bl»  aid  in  preparing  absorption 
curves  of  the  dyes. 
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ACTION  Of  AROMAT  C  DIAZO  COMPOUNDS  ON  COMPOUNDS  OF  THE  ALKYL 

acetoacetic  fstfr  type  as  a  method  for  the  preparation 

OF  aryl  H  yDRA  ZONES  OF  a*KETO  AC^DS,  o-AMIKO  ACIDS, -AND  NITROGEN 

riETEROCYCLES 

Xy.  SYNTHESIS  0~  2-CARFOXYLv'DOLYL-3  ACETIC  ACIDS  SUBSTITUTED  IN  THE 
rENZEsE  RINO  AND  THE  CORRESPONDING  INDOLYL  3-ACET:C  ACIDS 

■/.  V.  Peofilakiov  a-d  N.  K.  Semenova 

The  l"vestlgatlor.^  of  Kogi  [1],  which  showed  the  cl»erpical  nature  of  heteroauxin  as  6-indole  acetic  acid, 

0"-0  of  the  widely  distrib -ted  phytonormones  started,  or.  o:.e  hand  a  search  for  new  methods  and  improvements  in 
the  older  ones  fc:  the  sythesls  of  6  rdoly'.acet'c  acid  and  its  derivatives  and  homologs,  and  on  the  other  hand  ex¬ 
tensive  i"vesttgatio*s  I'to  tie  phytohormor.es  Al'hough  6  indolylacetic  acid  is  of  outstanding  interest  in  horti¬ 
culture  as  one  of  the  mo>»  effective  growth  factor  for  the  propagation  of  plant  materials  by  means  of  grafting,  and 
recently  ma'^y  methods  *o:  it  s  lyr.t.nesis  have  been  developed,  it,  however  is  rot  a  readily  available  compound.  The 
latter  is  evpliired  by  the  poor  ivaiUb-’i’iy  of  -tartyg  ma'erials  for  its  synthesis  (indole,  aldehydo-  and  keto  acids), 
or  with  compirat*.  e’y  availab  •.  materia.*  ^for  example,  a  ace*og’utaric  ester),  by  the  unsatisfactory  yields  of  the 
irrermedia’e  a'-d  ft'al  p’oducts. 

M-  y  sy  th-sT  .  of  i'dole  aceTic>cid.  V'-ow  up  to  1939  [2]  ai'd  published  later,  are  accomplished  by  the 
i'^troductnon  of  a*"  aede  acid  residue  ’."to  n^e  f  dole  residue.  Thus  heteroauxin  has  been  synthesized  by  means  of 
i'-dolyl  magnesium  f>dide  by  -ts  reactio'  wit  cbloroaceto.nieile  [3).  th.e  reaction  of  irdole  with  diazoacetic  ester 
[4]  from  dlmcthy  ami  vnetry'  dole  (g’amre)  by  the  a'tion  of  HCN  or  its  salts  [5];  aryl  o’hers  [6,7]. 

Ti  c  sy.-'r.c*  s  of  ’  dole  derivatives  by  mea’^s  of  phe^ylhydrazones  which  were  ring  closed  with  the  Fischer 
reac’io*.  was  also  ar'ompluf  ed  by  'wo  variattO"s  either  the  phe-'ylhyd-azo'-es  were  prepared  by  the  reaction  of 
phe- ylhydrazi'e  w'tr  -Idrf.ydo  a-xl  ke*o  icds  or  required  phet'yVnydrazones  were  obtained  by  the  coupling  of 
pheryi  d'lZC’um  witr  cOmpo  'd  o^  tr-e  monoali-yl  ace’oacetrc  ester  type  by  thie  reaction,  of  Japp  and  Klingemann 
18] 

TPus  6  '•doJylwcet  c  ac’d  w<s  ob*a  'ed  fto,n  g  f''rmylprop'on»c  acid  and  phcnylh- •’razine  [9]  (these  ’«c.*e 
fust  ir  addn.o"  see  ackw  a  d  K’anshc  [4  10  11.  12))  from  8  cyanopropionaldehyde  aceul  [13],  according  to  a 
Merck  pdte*t  (i4)  ethyl  2  3  d  carbe{.t"»ygi\,tirate  p.enyihydrazo'c.  obtait^cd  from  oxalylsuccLnic  ester,  is  trans¬ 
formed  by  *he  fischnr  re*c'r'  :  'o  etnyl  2  3  .Y  uarbethotyifdolcyl  3  scetate.  and  by  subsequent  hydrolysis  and  de- 
carboxylat  .on  into  h.f*eroa..xi  , 

ry  coupln'i  pre'v’d  azo  ’uin  witr,  6  cya  oc'hylacetoactic  estei  K^imi-T'u  and  Sugasawa  [13]  synthesized 
8  c  yanomeihy.rv'U' •te  pf.e' y’r  ydrazo  c  »  .d  frOiU’t  e:hy  2-carberhoxyr  dolyi  ?-acetate  and  the  corresponding  2- 
carboxy:  dcie  3  acer.c  acid  :mporta:  t  I'termtd  ate  ccmpourxls  in  the  syithesis  of  heicroa  ixin.  they  did  not,  how¬ 
ever,  prepare  tre  utter  This  ester  a^d  from  I  he'eroauxi"  were  sythesizcd  by  King  [ioj  siartu-g  from  the  relatively 
ava’Iible  a  aceto  gh.tyic  ester 

Tte  courl  “g  teac  tio-  of  ace'ogl.n'f  es'cr  w  th  »r>’i  diazo*'  um  for  the  ^yr, thesis  of  substituted  Lndole  der- 
ivarivt,.  was  rece  riy  i  'iga'cd  bv  ?i  dicv  and  to  workers  [16]  Tana*-a  [17]  introduced  certain  improvements  into 
the  decirb'xylat'o  '-'ag*  of  2  carb'  •y’'^c>:y;  3  ace:>  acid  I'to  hc*e:oatxin  by  conve.ni  g  it  ii-itially  into  the  mono- 
metryl  ester,  i.e.,  lo  piotec  ed  the  carbo*yl‘c  gto-p  oT  the  «ceta'e  re>idue 

O*  t""*  subsiTuted  8  indolylacetic  acids  ma’nly  various  ester  [18]  as  w-rll  as  alxyl  [19],  phenyl  [20],  and 
mei.'-cxy  derivatives  [IGJare  rdpor'ed  t  're  'iierature.  They  all  showed  smaller  pr.ys  to  logical  activity  than  hetero- 
a-jxir^  [18] 

Thie  p’csc't  ll've  t’ga'io'  was  ur-dertaket  i'  order  '5  attempt  to  improve  one  of  Ae  methods  for  the  synthesis 
of  hete’oaijcn repor'ed  i*-  the  literature  The  merhod  developed  which  foi’ewed  KeJina'so  and  Sugasawa’s  scheme  D3], 
and  in  the  later  .r,ge  K.i  g  s  [I5j  »»as  es'en'-ally  diHeren'  because  n  co"ra>t  to  these  authors,  the  coupling  reaction 
was  co'ducred  to  a  weakly  ac’d’.c  a‘d  .’’eurral  rcectic  '.  medium  whic  gave  an  almost  quantitative  yield  for  this  stage: 
Kelmatsu  a*d  Sugasawa  did  'o*  irxiica'e  'he  yie^d  at  th.$  -.tage.  Ln  addition,  the  method  reported  u  simple  end  practical. 


.  ,  ;  ;  icryloniciie.  i-ce .  •. . --  v 

j-ieidi  of  niermediate  compounds  not  requiring  puriiicauoc  at  any  stage. 
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COOCjHj 


CH,CO-CH 

I 

CN 

C;H.-OH.  HCl  ^ 
95<Jb 


COOCjHj 

i=N-NHCeI^' 


HQ*;tC:Hr 


98^ 


CH, 

CH. 

CN 


C^HrOH,  Ha 

95^ 


Fnwcver  it  must  be  mentioned  that  the  above  yields  (67^)  in  the  last  stage  could  ortly  be  obtained 
when  the  decarboxylation  was  effected  with  small  portior.s. 


Substituted  6-Lndolylacetic  acids  contairirg  the  following  substituents  in  the  benzene  ring:  N(^ 

SO.H,  COOh,  Cl  CHv  and  o  ners,  were  syr.thesized  and  their  physiological  activity  investigated. 

5y  usf  g  a'-ilL’'e  and  its  der.vaiives,  and  naphti’ylamine  as  the  diazo  component.  In  addition  to  the 
aryl  hydrazores  o*  a4etcg!utarlc  acids.  aryihydrazLnes  of  6-pyruvylpropioi’ic,  B-cyanomethylpyruvlc  acids, 
as  well  as  p>7dazinc  derivatives  [26]  were  obtaLnsd  the  ability  of  which  to  cycltze  Into  the  Indole  ring  by 
heating  wiL'  a’.cnholx  sol.tiora  of  sulfuric  or  hydrochloric  acid  was  investigated.  The  difference  Jn  the  ease 
of  cyclizatier  of  the  _  do3e  ru'g  in  relation  to  ratu'C  of  the  substituent  in  the  aryl  hydrazlrjc  micleus  was 
snow-  (see  the  Table).  Tr.us.  it  was  obser'-ed  that  arylhydrazor.es  contairuig  clectrophylic  substituents  (NO^, 
SOiH,  ‘^OO.-  Cl),  ir  the  beize-e  th-g  required  more  focclrg  conditions  to  close  the  indole  ring  then  the  un- 
subitituted  pr-eiylnydrazo'es  of  a“*cetoglutaric  acid. 

Tte  most  hhnderLng  effect  as  It  is  appare-.n!  from  examples  of  the  isomeric  o-,  m-,  iwchlorophcnyl- 
hydrazor.es,  is  caused  by  a  substiruer.t  found  in  the  ortho  position  somewhat  less  in  the  para,  and  the  least  in 
the  meta.  Conversely,  nuclecphylic  substituents  (CHj  group),  as  well  as  the  ursubstituted  nai^thalene  ring,  * 
eased  the  proces:  a'  cyclization,  and  for  this  reaion,  tolyl  and  naphthylhydrazones  were  converted  into  indole 
derivatives  ur  der  less  forcing  corditio.-’s  tha"  uasubstltute^  phenylhydrazones. 

1'  addition,  it  was  found  that  the  case  arid  probability  of  closure  of  the  Indole  ring  was  effected  by 
the  na’ure  of  trjC  *adicals  of  tr.e  aliphatic  part.s  of  the  aryl  hyrazones:  thus,  au'ylhydrazo.nes  of  6-cyanomethyl- 
pyiuvic  acid  could  not  be  converted  laro  Indole  derivatives  u.nder  conditions  used,  but  were  readily  cyclized 
intc  i.'dole  derivatives  ;.nder  co.nditiora  wiA  wnlch  the  transforma tior.  of  the  CN  group  into  a  carbethoxy  was 
possible. 

The  comoisUon  of  tre  cycllzation  reactlo'  of  the  hidole  rLrg  with  unsubstituted  and  O'substiuited 
arylhydiazo''es  was  establistxd  by  the  loss  of  ability  o*  tre  solution  to  give  the  ^low  reaction  (for  arylhydra- 
zoresj:  wnile  in  t.'«  ca>e  of  p  ard  m-*ubstiti:ted  ones,  it  was  established  by  comparison  with  the  yield  of  the 
indole  denvar:  -e;  in  e.iper:mects  witn  different  heating  times  and  concentrations  of  the  alcoholic  acid  solutions. 
Qriy  ±ose  reactions  witn  the  highest  yields  are  reported. 

The  expected  ir.dole  derivatives  were  obtained  in  the  majority  of  the  cases  as  a  result  of  die  above 
transformatio'a  (see  Table).  In  the  case  of  the  4-<K-sulfo)-l-raphthylhydrazone  of  a -ketoglutaric  acid  (Formula 
13  in  Table)  the  cleavage  the  SO»H  group  a'd  the  formation  of  ethyl  2'carbethoxy-6,7^ruU>irKlolyl-3-acetate 
occurred,  which  i.  normally  obtained  from  a-l(etoglutaric  acid  e-naphdiylhydrazone. 


Duri.’rg  tte  cycllzatior.  of  the  derivatives  of  l-(m  tolyl)pyridaziror.e  -G-carboxyllc  acid,  m-chlorophenyl* 
hydrazlre,  and  S-fap-thylbydrazne,  i*  stead  of  the  two  possible  ixoducts  for  each  separate  case  (^.  (11),  (ID^ 
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and  (IV),  (V)  and  (VI).  only  one  was  Isolated.  Duri-g  choice  of  structure  from  the  six  possible  (II),  (IV),  and  (V^ 
were  chosen. 

The  following  reasor.s  were  used  ‘or  tr.e  above  choices:  a)  the  above  discovery  of  the  activating  action  of 
nucleophylic  derivatives  and  the  deac*  vatL'g  action  of  electroj^ylic  on  the  ring  clostire  to  the  indole  nucleus,  which 
agreed  with  the  observations  of  Koeb  [21].  roursche  p23  b)  from  analogy  with  the  known  fact  that,  upon  the  conden¬ 
sation  of  B*naphthylamine  with  giyceri  .e  accc.-di^g  to  Skraup.  the  quinoline  closes  at  the  a~  and  not  6-carbon  atom. 

These  observations  L^dicated  that  rrg  closure  occurred  at  that  one  of  the  two  possible  carbon  atoms  which 
has  relatively  greater  density.  Such  an  atom  the  case  of  m-chlorophenylhydrazone.  Is  the  carbon  atom  found  in 
the  para  position  to  the  chlorL'e.  I"  the  case  of  the  l-(m-tolyl)pyrida2mone-3-carboxylic  acid,  it  is  the  carbon  atom 
in  the  ortho  position  to  the  methyl  group,  and  i'  tr  e  case  of  the  S-oaphthylhydrazone.  the  e -carbon  atom. 

The  above,  it  seems,  agrees  wel’  with  the  recently  reported  views  of  Fausacker  arsd  Schubert  [23]  on  the 
cyclizaticncf  the  indole  ring  Lp  to  now  t'—  accepted  scheme  for  the  formation  of  an  Indole  by  the  Flschet  method 
1$  that  of  Robinson  [24laccordlrg  to  which,  as  it  is  Known,  the  process  occurs  by  means  of  the  stages  a)conversioii  of 
the  hydrazone  Into  the  saturated  hydrazi'’e  b)  tts  c  tho benzidine  rcan^angemeni  to  a  diamine;  c)  closing  of  the 
pyrrole  ring  by  the  cleavage  of  ammonia  f-o-n  the  diamine.  i,e.,  the  process  consists  of  subsequent  intramolecular  re¬ 
arrangements. 

In  1949,  Fausacker  and  Schubert  [23]  subjected  a  mixture  of  equivalent  amounts  of  the  o-tolylhydrazone  of 
cyclohexane  and  2-methylcyclohexa'e  pi^e-y'rydrazone  to  Irdole  cyclization  and  obtaLned  a  mixture  of  4-carbazole 
derivatives,  which  led  them  to  conc!-de  tf.e  homo’ytic  cleavage  of  the  -NH-N=  borvd  occurred  during  the  re¬ 
action  with  the  formation  of  radical  type  irte'med.ate  products,  the  combinatioa of  which  aftei  the  cottesponding 
transformations  leads  to  the  carbazole  derivatives. 

Applying  this  mechanism  of  i*-c  ‘orroa*ion  of  L“dole  derivatives  to  a^<etogluttric  acid  phenylhydrazone,  the 
following  scheme  is  obtained:  (sec  topo^  page  672) 

For  this  reason,  elec  trophy  lie  substituents  in  the  ring  which  attract  electrons,  among  which  are  those  un¬ 
paired  which  result  in  the  combinatior.  of  separate  radicals,  will  hinder  the  tormation  of  indole  derivatives;  con¬ 
versely  nucleoplylic  substituents  which  create  an  ircrease  of  electron  density  will  aid  in  the  ring  clonire,  which  was 
indeed  observed  in  the  given  case. 

The  esters  of  substituted  2  <arbeAoxy  3-indolylacBUcacids  obuined.  in  the  majority  of  cases,  were  characterized 
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1  }  - 
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■Ch  COOH(R) 


X  V 
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by  ii^'.Tl'g  pci' ts  nitrogen  cof'ter.t  solubiliiy.and  saponification  to  the 
correstw'drrg  d  . carboxylic  acid  The  equivalent  weight  was  determined 
for  the  litter  m  addition  to  the  above  constants. 


Tvr  ?f 'h-e  d  :i:bc<y'-c  ac’ds.  2  carbt*y3  I'dolylacetc  acid  a’-d  2<arboxy-3-naphihazoleacetic  acid,  were 
decarboxv'i'ed  o\  q_  ".cl  'e  $''l'.no‘s  f  me  pr^'^'ce  of  copper  powder  Heteroauxin  in  a  65^  yield  and  6.7-benzo- 
irdolyl  3  ace»ic  a'  d  (3  'apf-  nazo'eace'ic  acrd)  :  3i-  3^o  y:e‘d  were  obtained  as  a  result. 

Part  0^  nne  substituted  3<arbe:rro»y*'-dolyl  3  ace^c  acids  were  tested  for  phytobormore  activity  by  the 
iretnod  of  E  bob-o  ’  a^vsh'-j  prj  Tne  cor’imt  a^y  results  indicated  that  electrophylic,  as  well  as  nucleo- 
prii.c  .atst;'j*'r*  ti81  to  a  co'siderab’e  e»te  »  scpress^d  tre  pny'o'.ogical  activity  of  beteroauxir;  however,  this 
suDjec’  ra»  o*  bet-  s-j*t.cie-t  y  nr  .e^-ga-ed 

EXFERIME  TAL 

r*  t  nf  prepara'io'  a'd  Dun^:ca*io  .of  tt'e  arylhydrazi'-e  derivatives  were  reported  in  the  previous 

comrpu' ira*:o  Xi.  [26] 

Ftr>  2  va  oet-K-.y;  do  y]_3_ac£:i'e  ^>3'muus  12  3  i'  Table}  a)  2  36  g  of  a -fetoglotaric  acid  phenyl- 
hydrazo  e  (in  p  i53 ;  war  dis  r'^'t-d  •  Km’  '■*  absolc'e  alco.no  a'd  *re  solution,  in  a  round  bottomed  flask  equipped 
wi'*-  ver;ic.el  r^f.-«  co-dt  <«•  was  sitjra*ed  tor  5  mi'Lte'  wi*h  dry  gaseo.s  hydrogen  chloride  passed  through  a  glass 
tube  e"e»i  g  trt  'er  *ube  o*  f-e  co'dtnsc'  »o  rre  b''*fom  ot  rhe  flasi'  Tne  Hask  was  heated  on  a  water  bath  during 
*»e  pass^'g  0^  '“r  rvdroge-  crlc'ide  A'te'  30  m'''*.  »es  tre  solu»iO'  stopped  giving  the  Fulow  reaction,  and  crystals 
o*  airmo'i.-m  c'In:  d»  ♦ermed  o"  *re  watt'  of  »'•€  ‘lisv  A'te'  oourrg  i'‘to  wa’er  and  ice.  colorless  crystals  of  ethyl 
2-cArbfrn»\  3  I'ooy  ace’art  .ep-ra  ed  wb  cb.  A*'er  wis'n'g  w.tr  water  a'd  drying,  weighed  2  6  g.  l.e,,  94  3‘^yield, 
a*'d  .nel'ed  a*  82  84  'O'm-la  u)  A‘te*  :ew»-yj‘a:i!zat:o:  from  aqueous  erryl  alcohol  the  ester  melted,  in  agreement 
w;t*- 1  tera^u'^r  d«-  (i3,  15  27]  a*  65  8C‘. 

b)  4  85  g  of  e:ry  B  cya'onnett  v  p-*r.va*e  p^e‘■yll■>d»■ozorse  ^m  p  159*)  i'  20  ml  of  94'5o  ethyl  alcohol,  in  a 

round  cc'ton'td  ^k.t-  equipped  w-.m  a  refK*  c  n.'dei'^e:  was  saturated  vth  hydrogen  chloride  gas  first  in  the  cold 

«  d  '.’■e-  w  tn  -ea'i'g  o*  t'r^  -e’c'-  ba*n  by  pis.ing  it  tprougn  rhe  glass  tube  as  u  ':he  previous  cave.  Ammonium  chlor* 
tdf  cr.-a  ;  tv^ga^  to  fo  m  rap  dly  on  bo'to.n  of  "-e  Oasn  At  *re  end  of  the  heating  (after  50  minutes,  ricgative 
~u’ow  laj'f.o')  tre  ,o*y*ir'  acquired  a  i  g'-  orow'  co'o'  after  cool-.ng  *he  co'.’ems  of  tne  flasK  were  .poured  into 
wa«r  .  ente  '  g  I'C  (300  m’)  t’^e  gn*  g-ey  s»-  crys'a'*  o*  me  I'.do'e  der.va»ive  were  separated,  washed  with  water, 
a-d^'  ‘d  We’g't  5  27  g  /:eid  85  S'?)  mp  80  83  Rerryita  l»zed ''om  aqueous  ethyl  alcohol  with  carbon,  the 
coiortet.i 'ced>f>r  crya's  rrtl'ed  a’ %5  86  ('ormu'a  2; 

c)  "ear  'g 'or  30  mi'L ‘es  _•  de-  .*:#• -n  <  o'dfO' s  i  ohe'y'pyridazi' o'e  3  carboxyl’c  acid  (m.p  172*)  with 
a  sat.‘-i.-d  i  conn’-c  so  ^:  o'  -f  'ydrogen  c'^io’ide  ga  e  ethy  2  na'-be t.noxyi.'do'iyl  3  ace'ate  in  a  quantitative  yield 
(02  7'»).;s3-inj  a  3, 

3  ace'-'c  afd  1  38  g  of  etr.yi  2  <arbethoxyir-do!yl-3  acetate  was  heated  on  ti.n  water 
bat'  wT  lO  rr*  'f  a  »CK7i-  aqjeo.'  aAornl’c  »txJ  um  ryd:o>)d<»  so  ut.O'’  •  A^ier  10  15  mirures  a  thick  slurry  of  the 
sou  ai  »o  m*d.  d'sso'ved  20  ml  o'  wa»er  acid'fsed  wi»h  concentrated  hydrochloric  acid  with  ex- 

f-'  o  by  ice  T’-c  pr*r  *0  a*ed  colo’iesr  crysta'.s  of  the  a'  'd  were  filtered,  washed  with  water  a:d  dried 

W*"  g*i'  «  0  g  d  02*??  m  p  234  235’  wttr.  decorro  Rec’ys'allized  ♦rom  50*5®  ethyl  alcohol,  the  2 -carboy yirdolyl- 

*1. co’ories  s- '^ed’e'  xe  cry«ta;s  me  *ed  r  accordance  to  the  literature  data  [15],  at  236*(decomp) 
40'A?e*r'>  a.'?- wss  u>ed  tr.  orepi't  aico'orc  aKal:  solufior  here  a^'-d  -’.b^equently  ir  this  case,  10  g  of  NaOH 
wss  d'Sa*'’  j  40  g  0^  40*50  a  •'  jr/'i. 
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13  coo^-c^tcr- 


i  1  g  o*  're  ■ib'‘'.e  «c  <d  wa»  d  .SNO'^ed  i"  C  p  qui'olrre  a  d  pieced  I'^Tc  a  Wurrz  *  a^K  the  ou'let  tube  of 
a' CO'  eced  w*'*:  a  be  ’ 'ube  h*ttd  u'aer'fa"’  •  ve*fed  g'adjc’edcyir  der  filled  with  carbon  letrachloridi 
•=\i  by  t»e  -otre  liquio  r'  a  cfy^*a’!'zi  g  a''P  0  35  g  of  powdered  coprv**’  wa>  introduced  into  tne  solution,  the 
rv d  w»t'  .  '*opoe:  o*'ai  '  g  t'ennome’e’  g'*i*g  aiiror  to  ’j:e  bo ■'om  of  tre  flc5*«  ^'id  carefitiy  i;e«'ed  op 
i'^r  it  i70  '  4  'eirp'-'i  ^u'e'  "e'e  was  a  'ap  d  :voi_*ion.  of  gasbjbble*  wh.*,ch  however  gradually  de- 

a  t'  tfmpr*»i'Lre  .c  i65  i95  wa'  reqii-'ed.  Tl-e  la'»er  teinp^rarve  wa>  t-epr  urtil  the  end  of 

t’.or  *orma*io’  of  120  rrl  of  C  O.  wr.'cr  'equ!r®d  about  2  rovTs  Tre  co'tc^tsof  the  flask  were  dis- 

:  et»er  ^50  ir')  ••*er  c  oolt-g  r“‘*  <*»*.er  volut’.o"  wdj  sCaKe*  wice  w^h  25  ml  of  a  sodium  hydroxide  solut 
eol-^  'Olutio  wa;  'epa»a*ed  *  l*ered  a 'd  ac'drf  *d  w’tl-  conte  ^ts»ed  ^^ydroct’o^ic  acid  Without 

■g  *'■*- .•‘osily  p*-- f  pi*o*»d  ro  e  fo'ored  t:ys'*U  of  rpa  ac  d  me  liqoid  was  »w*  .  extrac'ed  with  hot  ethyl  acc- 
-I  50  inJ,  Tre  scV*  *  wc-  r‘-mo'ed  20  mi  of  b“'2®'’*  was  add*d  »o  f  e  dry  r^sidje.  a''d  the  mixture  reHuve 
<a*e!  b--*p  frr  iG  .n»  u'e  the  hot  be*Z'=  e  olutio  o'  *  doly'a'ct’c  acid  was  filtered  transferred  to  a  crystall 
a  d  e' at^rsfar^d  the  ♦r'v  dur  Wfit  a  ''jb‘;*a'';; *  co'sis'i  g  of  rose  htny  s'^e  s  mel  i^g  a^  1C2  1C5'  Weight 
y  tic  G7  •;  ?«  R:cr\.'a  hzed  ^’Cm  aq.eous  -jicorol  or  be'ze'e  a’mosr  colorles.  b-l  -OO"  tufing  rose  i  *he 
y>'e  «  n't  3  i  d'lyiare'  c  4C  d  w-'e  obta?--d  w^ch  m*’''ed  according  to  the  l:rera*u’'e  repor’s  [12,if  Jat  IGG* 

**  dr  c  tmpf' ’"o 


i  3  ice  o  e.  {formula  4  :r  Tab’ei;  A  m‘**^u:e  of  2  5  g  of  a  ketoglutartc 
d  29  ml  o<  i5^  oko*'olic  r'^S?.  soijtjo"  was  re<u»ed  i*  a  flask  for  6 
po  cooU  g*  •  me  co*»e'ts  of  the  fiase  we^e  poured  I'ro  a  mixture  of  water  and 
'Caiy  cry«*als  melti  g  at  ii5-in*  was  isolated  by  fiUratio*  The  substarvcc  was 

ty>'ze-e  acetic  ac»d  very  soluble  Ir  acei.  'e  a'd  ir  soluble  in  water 
with  the  add-.TiO!"  of  carbo' i.  the  ester  was  a  colorless  needle  like 


zo  -  wi"  m  p  a59  i60 
ulow  re  ic  tio'.) 
of  oior'ie.* 
me-y'  a  d  "^nyi  alcohol 
,i  io-'  ‘rom  aq.,foos  akor-ol 


4ii  f  a»e.  va,  detfrmi'cd  ac'ordir’g  to  T.e  •' jelda*".- odlnauer  micron>etr:od  with  the  i'irial 
«mpu  with,  zi'c  dust 

do.t  d=r  -ati.e  p'ec:pr<'ed  i*  ’ne  form  of  crystals 


cr>’s*alline  substance  with  ra.p.  118-11  S'  without  decomposition. 


Found  N  4.66,  4.58.  C^tHijO^N.  Calculated ‘5*:  N  4.84. 

<-Meth>l-2-carboxvindoIyl-3-acetic  add.  1.45  g  of  the  es'er  obtained  was  saponified  with  10  ir.l  of  a  10*5) 
aqueous  alcohoUc  solution  of  sodium  hydroxide  by  heating  o.n  the  water  hath  for  10-15  minutes,  1.15  g  (98.2<5«)  of 
light  yellow  crystals,  melt  Lng  at  *.16-21  <  with  decomposition  were  obtained  on  acidifying  the  cooled  and  diluted 
solution  with  concentrated  hydrochloric  acid.  The  c.-ysuls  were  excellently  soluble  in  alcohol,  ethyl  acetate,  ace¬ 
tone,  readily  in  hot  acetic  acid,  and  poorly  in  benzene  and  ether.  On  recrystallization  from  aqueous  alcohol,  needle¬ 
like  crystals  metling  at  218*  with  decomposition  ‘were  obtained. 

Found  N  5.76,  5.67,  cquiv.  118,  117.  C^HuO^N,  Calculated  <Jb:  N  6.00,  equiv.  116.5. 

4(6?  )-Methyl-2-carbo:yindolyl-3-acetic  acid  was  prepared  by  two  methods  (Formulas  5,  5a).  1.25  g  of 
a-ketoglutaric  acid  m-tolylhydrazone  with  m.p.  149*  was  heated  for  10  hours  with  13  ml  of  a  10^  alcoholic  sul¬ 
furic  acid  solution.  A  viscous  oil  separated  upon  pouring  the  reaction  product  into  cold  water,  which  gave  .0.94  g 
(81*^)  of  4-methyl-2-oarboxyindolyl-3-acetic  acid  upon  saponification,  melting  at  136*  after  recrj-stallization  from 
aqueous  ethyl  alcohol.  Heating  l-(m-tolyl)  p>Tidazinonc-3-carboxylic  acid  for  8  hours  with  a  10‘5:  alcohol  sulfuric 
acid  solution  gave  4-methyl-2-carboxyindolyl-3-acetic  acid  in  an  84  4<^  yield  in  the  form  of  colorless  crystals  melt¬ 
ing  at  186*. 

Ethyl  7-Chloro-2-catbethoxyindolyl-3-acetate  (Formula  6).  5.4  g  of  o-ketoglutaric  acid  o-chlorophenylhydra* 
zone  (m  p.  183*)  and  44  ml  of  a  457o  alcoholic  sulfuric  acid  solution  were  heated  for  9  hours  on  the  water  bath  (to  a 
negative  Bulow  reaction).  On  cooling,  the  reaction  miAture  and  the  precipitated  brown  crystals  of  the  indole  deriva¬ 
tive  were  poured  into  ice  a.nd  water  .the  precipitated  mdole  derivative  was  filtered,  washed,  and  dried;  weight  5.36  g. 
m.p.  96-100*.  yield  86  5^. 

The  substance  was  very  soluble  in  acetor>e  and  ethyl  acetate,  readily  in  ethyl  and  methyl  alcohol  and  acetic 
acid,  and  moderately  in  berzene.  After  two  recrystal lizations  from  ethyl  alcohol  with  carbon,  light  brown  fine  crystals 
of  the  ester  melting  at  101*  without  decomposition  were  obtained. 

Found  <5i;  N  4.46,  4  31.  CijHi^^NCl.  Calculated  <50.  N  4  53. 

7-Chloro-2-carboxylndolyl-3-acettc  acid  1.55  g  of  the  ester  obtained  was  saponified  with  lO^Jj  alcoholic 
sodium  hydroxide  under  die  previously  reported  co.nditions  1.18  g  (93.6*^)  of  colorless  crystals  of  7-chloro-2-carboxy- 
indolyl-3-acetlc  acid  was  obtained.  The  substance  was  modera^'ly  soluble  in  methyl  and  ethyl  alcohols,  and  in 
hot  glacial  acetic  acid,  poorly  in  acetorjc,  ethyl  acetate,  and  ether.  The  acid,  recrystallized  from  ethyl  alcohol, 
melted  at  259-260*  with  decomposition*  •. 

Founder  N  5.28,  5.39;  equiv.  124,  125.  CiiH,04NGl.  Calculated^:  N  5. 53  .equiv.  126.5. 

Ethyl  5-chloro-2-carbcthoxyL'»dolyl-3-acetate  (Formula  7).  5.4  g  of  a*ketoglutaric  acid  p-chlorophenyl- 
h.ydrazone  (m.p.  166*)  was  dissolved  in  45  ml  of  a  20^  alcoholic  sulfuric  acid  solution  and  refluxed  for  9  hours 
on  the  water  bath.  Upon  slowly  cooling  the  alcoholic  solution,  part  of  the  indole  derivative  crystallized  in  the 
form  of  greenish  needles  melting  at  130-132*  (without  decomposition):  the  part  remaining  in  the  filtrate  (m.p.  128-131^ 
was  precipitated  upon  pouring  into  water  and  >/as  filtered.  Tne  total  yield  of  the  ester  was  5.2  g  (84.1^).  Both 
portions  recrystallized  from  etnyl  alcohol,  gave  practically  colorless  fluffy  crystals,  m.p.  13v.*134  without  decomposition. 
The  ester  is  excellently  soluble  in  acetone,  ethyl  acetate,  and  acetic  acid,  readily  in  hot  ethyl  alcohol  and  benzene. 

Found  N  4.33.  4  41.  CiiH^sO^NCl.  Calculated  <5b.  N  4  53 

5Chloro-2-carboxyi:idolyl-3-acetic  acid. 3  09gOfthc  ester  was  saponified  with  10<^  alcoholic  sodium 
hydroxide  as  ir  the  previous  case  245  g  f96.8‘5b)  of  colorless  crysuls  melting  at  247-249*  was  isolated.  The 
acid  is. readily  soluble  in  acetone  and  acetic  acid  (upon  heating),  ethyl  and  methyl  alcohols,  poorly  in  ether  and 
ethyl  acetate,  and  insoluble  in  benzene.  Upon  recrystallization  from  alcohol  with  carbon,  the  acid  melted  at  250 
with  decomposition. 

Found N  5.38  ,  5.34,  equiv.  124,  123.  C^H404NC1.  Calculated  N  5.53:  equiv.  126.6. 


•  Fox  anO  Fullok  obtained  the  acid  by  app  and  K  lunge  mar.'-  s  reaction  fro:ii  acetoglutaric  ester  in  a  £<5»  yield 
and  rt  ported  an  m  p  228  229‘  (corr  )  for  it  [12] 

•  •  Fox  and  ?  jllok  prepared  the  acid  from  ketogluuric  acid  o-chlorophenylhydrazone  in  a  yield  and  report 

an  m  p.  253*  For  it  (12J. 

.  '.615,.,  • 


F»r\l  6-f  -:/:rr-2-c»^»-c.v--dclvl  3  aceu  g.  8:  2.7  g  cf  ot-^ etoglj'aric  *cid  ro-phcnyl- 

r.ydrazo-t  (nv'jT iTO  i7l5  wis  heit'ed  ic:  6  'TS'i  wif-  30  ml  of  i  20*50  alcof.olic  sulfuric  acid  solution.  Upon 
cooIl'p  tsg  ruac^iC"  luixTurs  1.29  g  zf  sni.“y  yellow  cryiisls  of  tiic  .'.dote  dcri'aiivc  ii}€lti..g  at  ISS** 

137'  seui:a*ed.  pc  o^ui.  g  r.g  alco.iol  c  f  Hrate  It:?  wi-.f ;  4-  addltio'al  1.27  g  of  crystals  wirn  m.p.  125-129* 
V2S  !vc.i»2*d.  Total  ufigr*.  wa-  2.56  g  ^jf2.d*w^  T-e  ^tbv^-ce  di^  oUed  readily  L\  a  cohol.  ether,  ethyl  aceute, 
a.'d  aceto  r  .*  wa.  _'.>o-^2ie  i'  -i’er.  Af'r^r  *er:ysti i-za»iO'5^rom  etryl  alcohol  witr;  the  addition  of  car- 

bo'.  L'.c  e;*e*  .a  otta-  ed  _  ±e  fciir  0^  ..g"  ye'J-'v  eed3e-->e  or  ^aie  l*i<e  crystals  metlL-g  at  146-14T*  wiih- 
o«-  decorooT' 

4.38  4.45.  C^r  -O^  -C’.  Ca  ctla'C-d  *4.53. 

t  r..orc  2  cabO'Vfdo  v'  3ace^c  acid.  i.55  g  o‘  the  at>o*e  e-^e:  was  apo'ified  vith  10^  aqueous 
alcoholi^ scdlTri} yd-^- de t > -  "a-^ d: e v:eus’ y  1.06  r  '  i*5o;  of  de'-se  ro-c  cooted  crystals  of  the  dicar- 
bc/yhc  ac’d  me  -tt'g  a  236  23’^*  p*ec'piated  ^po*  Lhe  acid.fxa^.oi  of  wate>-  diluted  alj-ail'C  so.ution  with 
co  c£’"ia'fd  -ydtctrl'r.'  «c  M.  Tee  acid  dj>o  '••ed  •^■td.’y  1  eT>’  a'd  mefr->-  a’conols  ethyl  acetate,  even 
more  x*  :n  ^r  "'  •a-  ir>oc**a'e  v  so  -i  e  i"  let  wi  er  >  d  oro  ;y  _  'g^ov  i'd  bi'ze'e.  After  a  sccotxJ 

?e*.rv'*a’i'.z3t:e  *«^rn  jjco**  t^.c  »c:d  •asobva.ed  .  ♦■'rir  cf  1  g" ’^o>e  colored  cr\i*a«  mr^tL^g  at  241* 

(with  decoiroositior). 

•^oa'd  0  40  5.46  ..25  i.26.  C  *•  '  C  .  Tacu-a^ed^t-  --5.53  equlv.  126.5. 

Tre:->'  *  2  7  d  ^ v  .-d ^  vl  3  ac?*  f  acid  (-orir-  .  9  .  3.36  g  •:»  a  ♦•et'^’utaraie 

0  ca  b''»  vT.'-*  yl'  vd  '.z‘‘  ir.r.  -04  i05  y  a  0  20  m  '»•  a  5C*!b  o’''C- o'  c  o  .ti'*’  of  -ilfur-c  ac.d  were  refluxed 

fo’  &  ro.ii  o  V  -  wr'«.'  b«  '  c*o  »  ega*  '-*-  -j;-w  •f-act'O  ).  T'*  'on  ed  ir>'*tire  w«'>  p?..red  -Tto  co  d  water 
(i50  rr  ^  d  ‘'.-e  .  cJ'‘'e  d»'  e  e*"i-  'ed  wirr  •s-Lner  p-  »o'‘'5''.o  e‘  »ee  e*'e^  1.10  g  (3i.7‘5l,i  of 
•eedle  ’*•*  c'y  »  ipt  ’  g  xj  89  9i'  «-»;  ob  s.-  ed.  T'^-e  c'»  .ta  s  w-re  v*-.  o*  .b'e  r  ac’^'-o  ^i  e»her.  ct':yl 

ace  a'.'^  -u  e'  c  f-c  a  read  »  so  uo^e  •  e»tvi  a  d  tre»tvi  a  c'^.c»^  a'C  ;  pe  ze  ?  ('-po*  r.fatl'g).  Recryra31- 
’i-d  ♦rom  aq.c .f'  yicorz  «-  tn  ca-bo  *•  e"  v- ‘ -'er  rf  2  7  d  carbn  <>  .rdo'>’-3 -cetr.c  ac  id  was  *  color  • 
1-:-  -ed'^  '  i«e  »  ry.  3-1.  •**  -.0:  r'ce  n>^Jtt  g  a?  95  e.  a5co-o,  c  s?  litio  of  the  .‘i.bstiive  d  c  nt  :ornb:ne 

w.tn  f  cc  d 

‘c-cffo  3  80  3  92.  r,-  alt  .3a*-d  ^  4  03. 


det  a  j  *-eg3.,s  r  g  <■ 'is  r^  ct  «'e  dole  g  0  94  g  (27%y  o«  color*e>'.  crv»»a»s  of  the  fdoie 
der-vitt'^e  -a?  ..  "d  ’rcir  2  8  g  of  a  -ei^'g'fe.'’.'  ac.d  o  ca'b-')»vp'^ e* v’' vdtazo'^e  w-.cn  was  sfow.-;  to  be 

t^e  *•;?'■>!  t  *tt  :f  2  7  d  c»rD"xv  o''.vf  3  ate**,  sc  d  (m.p.  35  ). 

^  8  est*-r  was  ^apo’  ’.f.<^d  by  the  u.ual  ms^hod.  1.25  g 

(95  0  %  c*f  0  c *rnn'\i  »:  a  c  wa^  ..''’a<ed  :  io  m  of '■o  o' ;e  ^  cry-ta’*  me-tr  g  wrh  d‘’coinpos:tion  at 

270  2 /2  .  Tt  fy  nT  d;s  ?  mode'at®  v  •  a’to'‘'Of  a  d  acer.c  *.‘’d  ooorly  i.  acetone,  ethyl  acetate, 
a  d  wt.re.  v  so  u5‘e  *-  V  ze  e  a'd  e're  O'*  '•y,*ai'  zat;0'  from  e*”  >’  akc-rol  ccforfes'i  'eedlcs  meltirg 

a'  274  wi»n  detoirpOi  0  oo*ci  *d, 

.3.09  5.-3  equ  V  86  85  C  Calculated  «fc  '>.5.32  equlv.  87.7. 

^  3  oc«-*a*e  '^OTTuia  iOj.  3  3'’  g  ■'f  diethyl  a  '  e.tog’.jrara*e  p^iitro- 

P'-cpylhydrazo’-e  'm.p  137  )  wss  ^e»'ed  fo  4  ^o.r,  w  t  40  nT  a  50  «lfc  ilco'O'ic  sulfurx  acid  solutio-*.  The 
hydazo  d --o  reC*d>y  a  d  af’e*  SO  rp"  crv>"*a  ■  of  -tie  -  dcie  der-*'ati'e  bega*  to  .epatate  tre  quantity 
of  wMch  t  erro-ed  coid  y,  a  d  reward  '-e  e  d  ''f  "e  "ea  g  fe  c'-''e'*>  of  .ne  ««e:e  a  ficK  paste.  Tne 
tota,  y,e  d  wa*  3.08  g  ..e.  96.2^  T'*"  s.;h  *4  .  e  wa*.  moder«*e  v  '.o  ut>  e.  ■  re  majort'y  of  tne  ^'g^nic  solvc'’ts: 
alconols  atem  c  et-yl  ac^-axt  ard  poorly  r  be  ze  e  a  d  .  groi  .  Recfysiali  zed  »wice  f'cm  etnyi  alcohol,  the 


ster  was  a  weakly  rose  colored  fluffy  co’stalline  substance  melting  at  207*  widiout  decomposition. 

Found  N  8.56,  8.64.  Cj.H,jO,N,.  Calculated ‘5t:  N  8.75.  -  . 

b-Nifo-g-carfaoxyindolyl-G-acetic  acid.  After  the  saponification  of  1.6  g  of  the  ester  obtained.  1.29  g  (97.7^) 
f  yellow  crystals  of  the  acid  not  melting  up  to  350  was  isolated  The  crystals  were  moderately  soluble  in  hot 
1'  hoi  and  acetic  acid,  and  poorly  in  ether,  ber^zere,'  and  ligroin.  Recryr  allized  frona  alcohol,  tlic  acid  was  a 
ight  yellow  crysulline  substance. 

Found  •’Jo-.  N  10.32,  10.50:  equiv.  131.  129.  C_H,Oc?^.  Calculated  <50:  N  10.60,  equiv.  132. 

Ethyl  5  s  jlfo-2*c arbethoyyindolyl-3*acetate  (formula  111.  7.65  g  of  the  trisodium  salt  of  oc*i(etoglutaric 
tcid  p-^lfophenylhydrazone  was  mixed  witf  100  ml  of  a  60*50  alcoholic  solution  of  sulfuric  acid  and  heated  for 
5  hours  on  the  water  bath.  The  mineral  salts  were  removed,  and  the  alcoholic  filtrate  was  poured  into  ice  water 
ind  left  to  stand  in  a  cooling  mixture.  After  40-50  minutes  colorless  light  crystals  of  the  indole  derivative  deposited, 
rfhich  weighed  1.14  g  (16.0*^)  after  filtration  and  after  standi»'g  in  the  desiccator,  and  melted  at  140-143*.  The 
iubstaiKe  was  readily  soluble  in  methyl  and  ethyl  alcohols,  acetic  acid,  ethyl  acetate  (upon  heating),  moderately 
in  benzene,  poorly  in  ether,  and  i''solubIe  in  water.  Recrystallized  from  ethyl  alcohol  (with  carbon),  the  colorless 
fine  crystals  melted  at  146  147*  without  decompo'itior,  and  gave  a  qualitative  reaction  for  sulfur. 

Found  °}o:  N  3.69,  3.76.  equiv.  349.  352.  C,.R70jNS.  Calculated  N  3.94,  equiv.  355. 

Eihyl  2  c  arbethoxy-6.7-be»"zo  ndolyl  7  acetate  ^Formula  C).  2.86  g  of  o-ketoglutaric  acid  a-naphthylhydra- 
zo.ne  (m.p.  170*)  was  heated  with  40  ml  of  a  10 '7c  alcoholic  sulfuric  acid  solution  for  16  hours.  Upon  the  cooling  of 
the  solution,  light  brown  shiny, scale-li»<e  crystals  of  the  indole  derivauve  crystallized  from  it.  Toul  weight  2.83  g  (87.0*». 
The  substance  dissolved  readily  in  aceto'.e.  ethyl  acetate,  a'd  etr.er,  moderately  in  ethyl  alcrrfrol  (upon  heating),  benzene, 
ligroin.  and  acetic  acid.  Recrystallized  several  time>  from  ethyl  alccnol  wi;h  the  addition  of  carbon,  the  colorleu, 
rapidly  coloring  rose)  needle-like  crystal*  of  the  ester,  melting  at  167-168*  without  decomposition, were  obtained. 

Found  <>.:  N  4.43,  4.49.  Calculated  %  N:  4.30. 

The  ester  was  also  obtained  by  Fi~dUy  [i.G]  o*  a  39*Jb  yield  (fro.m  an  azo  ester,  a  product  of  the  coupling  of 
a-naphihylarrp‘.e  with  a -acetoglutaric  ester)  m.p.  167.5-lG8i*. 

Carboxy-6,7  ber.zoindo'yl-3-acetic  acid.  1.63  g  of  ethyl  2-caibethoxy-6,7-benzoiridolyl-3-acetate  was  sapon*. 

Ified  with  aqueous  alcoholic  alkali.  Upon  acidificatior.  of  the  solution.  1.32  g  (98.0*Ji)  of  colorless  light  crystals  of 
the  acid  was  obtained  The  crystals  dissolved  readily  ^  acetone,  acetic  acid,  and  ethyl  acetate,  and  did  not  dissolve 
in  benzcf'e,  ligroin,  and  water.  Recrystallized  from  alcohol,  the  colorless,  ccnon-llke,  thin,  needle-like  crystals 
decomposed  on  heatirg  at  246*.  Fi'dlay  reported  a*,  m.p  270*  [16J. 

Found  ‘Jt.  N  5,04,  4  98:  equiv.  131.  134.  C  Calculated  N  5.20,  equiv,  134.5. 

6.7-9ePzol-.do!yl  3 -acetic  aetd  1  34  g  of  2-carboxy  ■6.7-ber.zoir.dolyl-3  acetic  acid  with  m.p.  246*  was  de- 
carboxylated  by  the  method  reported  for  heteroavxin  0.44  g  (39.3®^)  of  the  mon.ocarboxylic  acid  was  obuined.  Tbc 
substance  was  very  soluble  in  acetone,  etnyl  acetate,  readily  In  ethyl  alcohol,  somewhat  les:  in  methyl  alcohol,  and 
poorly  r  etner:  it  was  L'isoluble  i''  benzene  a^d  ligroin  i*  the  cold.  Recrysullized  from  SO*?*  alcohol,  the  acid  was 
obtained  in  the  form  of  colorless  scale  iike  crystals  me’ti'g  at  194‘  with  decomposition;  Fi~dlay  [16]  reported  an 
m.p.  194.5*. 

Found  *51;  N  5. 91.  5  99.  equiv.  224  224  Ci4H,,0^N.  Calculated*??:  N  6.22,  equiv.  225. 

4.04  g  of  the  4-potassium  $uiro'aphtnyl-l-hydrazq;e  (Formula  ‘l3j^  was  heated  with  60  ml  of  a  50^»  alcoholic 
solution  of  sulfuric  acid  for  8  riours  The  precipiuted  mreral  salts  were  removed,  and  the  green  colored  filtrate  was 
poured  irto  ice  water.  The  precipitated  greenish  blue  powder  of  the  irdolyl  derivative  was  isolated,  washed  with 
water,  a"d  dried,  it  weighed  2.1  g  Or  dissolvi-g  it  1-  ether  (100  ml)  arxl  upon  the  slow  e  aporation  of  the  solution, 
a  small  amount  (0.75  g)  of  light  viole^  ciysials  of  »ne  rdoie  denvati  e  crysuliized  on  the  wall  of  the  beaker  in  the 
form  of  surs  wrjeh  melted  at  157  163*.  After  wasting  witr.  alcohol  a-d  keeping  io  a  desiccator,  the  acid  did  not 


give  a  qualitative  reaction  for  sulfur. 


After  many  recrjstallizations  from  alcohol,  the  indole  derivative  was  obuined  in  the  form  of  colorless 
needle-like  crj-stals  melting  at  ICT-ies'and  was  found  to  be  ethyl  2-carbeihoxy-<J,7-benzoit>dolyl -3-ace ute,  pre¬ 
viously  obtained  from  o-ketoglutaric  and  o-naphthylhydrazone  ;  a  mixed  melting  point  of  both  of  these  preparations 
did  not  give  any  depression. 

Therefore,  duriig  the  iM^ocess  of  cyclization  of  the  indole  ring,  some  sort  of  cleavage  of  the  sulfo  group 
(alcoholysis)  occurred  to  a  certain  extent;  this  ester  was  obtained  in  a  yield  of  27^.  The  mam  part  of  the  reaction 
product  was  found  in  die  botto.m  of  the  beaker  and  was  a  dark  green  thick  oil  giving  a  positiv'C  reaction  for  sulfur, 
which  was  not  investigated  further. 

Eihyl  2-carbethoxy-4.5-benzoindolyl-3-acetate  (Formula  14).  2.86  gof  a-ketoglutaric  acid  Bmaphthyl- 
hydrazone  (m.p.  150*)  was  heated  for  16  hours  with  40  ml  of  a  10^  alcoholic  sulfuric  acid  solution.  The  cooled 
mixture  was  poured  into  ice  water,  and  the  precipitated  light  brown  floes  of  the  indole  derivatives  were  filtered,  , 
washed  with  water,  and  dried.  Weight  2.30  g  (70.7^).  m.p.  200-205*.  The  subsunce  was  readUy  soluble  in  alcohol, 
acetone,  ethyl  acetate,  hot  ligroin,  and  hot  benzene  Jlecry'stallized  from  alcohol  with  the  addition  of  carbon,  and  then 
from  ligroin,  the  es  ter  was  obtained  as  a  light  brown  powder,  melting  at  210*211*. 

Found  <51.:  N  4.07,  3  98.  Calculated  N  4.30. 

2*Carboxy-4.5-benzoindolyl-3-acetic  acid.  1.63  g  of  the  ester  was  uponified  by  die  oraal  method.  The 
1.15  g  (85.2*70  of  *oid  isolated,  recrystallized  from  alcohol,  was  a  light  brown.high- melting  (over  285*)  powder, 
soluble  in  hot  acetic  acid,  ethyl  acetate,  and  acetone,  and  insoluble  in  benzene  and  ligroin. 

Found ‘?i:  N  4.88,  5.02,  equiv  130.  132.  Cx5Hjj04N,  Calculated ‘Jt:  N  5.20:  equiv.  134.5. 

SUMMARY 

1.  The  conditions- for  cyclization  of  the  indole  ring  of  aryl  hy’drazones  of  a-ketoglutaric  acid  and  several 
of  its  analogs  were  studied. 

It  was  shown,  a)  that  electrophylic  substituents  on  the  benzene  ring  hinder,  and  nucleophylic,  ease  the 
course  of  the  reaction,  b)  the  cyclization  p.'ocess  of  4-potassiumsulfo-l-naphthylhydrazone  of  a-ketoglutaric 
acid  was  accompanied  by  the  cleavage  of  the  sulfo  group, 

2.  The  method  for  the  preparation  of  the  heteroauxin  was  improved.  The  laner  was  obtained  from  an 
easily  available  material  ethyl  B-cyanomethylpyruvate,  in  high  yield  at  all  stages. 
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REACTIONS  OF  ETHER  OXIDES  WITH  NITROGEN  COMPOUNDS 
V,  REACTION  OF  GLiCIDE  ETHERS  WITH  AMMONIA 
F,  G.  Pocomirev 

Tt.e  Wiry  investigations  of  the  reactions  ethyleriC  oxide  and  its  closer  homologs  with  nitrogen  com¬ 
pounds  IS  .reported  i.  detail  i.n  the  review  literature  [1  4j  However,  there  are  very  few  reports  [5-7]  on  the  add- 
itior.  of  ritrogen  compoinds  to  oxides  of  the  type  C|f|"-pCH“CH,PAlK  (glycide  ethers).  The  reactions  of  methyl,  ediyl, 

"O 

isopropyl,  a'ld  n-butyl  glycide  ethers  witii  amides  w’ee studied.  It  was  ihown  that  the  above  ether  oxides  react  with 
formamide  a'd  acetamide  to  form  mo  o  and  N.  N-disubstituted  amides  [8-10],  It  was  also  shown  that  methyl 
and  ethyl  glycide  ethers  react  analogously  but  with  greater  difficulty  witn  eihar.e-  and  benzene-  sulfonamides  [9], 

Co'tl'i;'*g  the  I"  vestigatiop  it  tr-e  field  of  ether  oxides,  thie  reaction  between  methyl  and  ethyl  glycide 
ethers  and  ammonia  was  studied  [11],  The  e  * perl  meets  showed  that,  r,  contrast  to  the  amides  whose  reaction 
with  the  oxides  required  prolonged  heati-g.  methyf  glycide  ether  reacted  energetically  with  ammonia  even  at 
roo.m  temperaiwxe  to  form  rre  correspo'dl  g  aminopropa-dlol  ethers  (h  0.  and  III): 

CH,— ChOH— CM.OCri,  HN(CH^— CHOH— CH,OCH,), 

(0  (ID 

NvC  rl,  ~C  hOH— CHj'DCH 

(iID 

Tre  primary  air.’re  (D  was  isolated  i:  suf^icie*tl>  pure  state  whereas  the  secondary  arjd  tertiary  amines  (ID  and  (HD 
could  "ot  be  oota  ed  r  completely  pure  form  *je.tler  by  several  vacuum  distillations,  rot  by  means  of  cold  absolute 
ethyl  ethe'  v  w-icb  *ney  had  d.ffercnt  <o  ublliry.  Tte  relative  yields  of  each  of  these  amLnopropandiol  ethers  depends 
o'  tne  rat’o  betwee*  t^’e  amou'-rs  of  the  glyc.de  etr>cr  and  ammonta  used.  With  a  ratio  of  1  1  substarxes  (ID  and 
(CD  are  mal-iy  ob*ained  according  to  The  amou't  of  '■itrogen  t~  this  mixture  of  (ID  a'^d  (HD.  the  reaction  product 
co.'itai”*  abOwt  7C*7>  of  tl-»e  -eco  darv  (  ")  a'd  2i^of  tre  ternary  {\IT)  ami'es.  With  ratios  of  15.  1:15,  and  1:100. 
the  mam  product  is  the  primary  ami'e  (D  i'"  Yields  of  43  55  a*d  64<Jb  respectively,  calculated  on  the  ether  oxides 
used. 

Tne  etr.yl  e*her  of  glyc’de  reacts  with  ammo~.u  n  an  a''a!ogO'jS  manner  to  form,  under  the  reported  con- 
d’tJOf'v  a  mixture  of  the  core^po'.dL'g  amV opropand^ol  etrers  (F*.  V,  and  VD: 

H  HN^Chj~^H01l ■  CH|OCjHj)£ 

(^0  (^) 

N(CH:, — C^OH— CH,OC,HJj 

(^D 

Tre  glycide  ethyl  ethsr  reacts  some«r«t  more  »’owIy  with  the  ammonia  than  the  methyl.  This  is 
explained  by  the  fact  »hat  dis.ol^es  ie.s  read'iy f  ammonia  water.  Tr.e  yields  of  the  ami'iopropardiol  ethers 
from  e'r.yl  glycide  etre’’  a'd  ammo'ia  wc'C  found  to  be  close  to  the  yields  of  the  correspor-dir.g ethers  from 
methyl  glycide  etner.  Tr.e  experimc'tal  resjlis  snowed  that  gi>c-de  ethers  reacted  with  ammonia  by  the 
ge'xral  •xneme  for  the  mo  o^uOstituted  ethy»eoe  oxides,  ai^d  cculd  be  placed  Dy  their  reactivity  *n  the  same 
order  as  propylene  oxide  [i2  13].  Tne  ai^oxy  group  appare'tly  ha»  ~o  Ciser.tial  effect  on  the  rupture  of  the 
oxide  bo'd. 

All  of  the  s-hsta  ces  (I  V’)  possess  basic  properties  a^d  are  colorless  liquids  for  the  primary  amines 
(I  a'd  r^).  a'd  so  id  pa’af  r  H-e  substance. foi  the  seco  da^  (U  ard  V)  and  tertiary  (III  and  VD.  amines.  The 
pnm«  ry  amt'es  (I  ard  were  studied  In  mere  derail.  The  acetylation  and  dehydration  of  the  aminoalcohols 
(I  a'd  Iv)  obtained  weie  i'.»e'tigaTcd,  and  pictates.  nydrochlorides  a.'d  pirospnates  of  both  these  bases  were  prepared. 

In  addition  me  cT'loroaurate  a'ld  ethiodide  of  amire  (3  ard  the  oxalate  of  aminoalcohoi  (IV)  were  also  prepared. 


Diicetates  were  obUL-’ed  on  trjt  aceryation  of  aminoakohols  (I  IV),  which  did  not  cociain  free 
ydioxyl  sroaps  and  did  rK)t  give  a  characteristic  reaction  for  the  primary  amino  group.  These  properties  of 
le  diaceiates.  as  well  as  e«ir  cor.sta.'.rs  mea::  .tia:  both  of  the  groups  (jhydroxyl  and  amino)  had  been  acctylaied 
:  the  aminoalcohols  (I  ar d  Tne  uiacetate-  can  be  assigned  the  formulas  (VC)  and  (VH^: 

CH(CCCCHJ)--CH,--^T^COC^% 

(VII) 

C,  H(OCOCH,)-- NHCOCH,. 

(VIII) 

Experiments  on  the  dehydration  of  the  amlTOpropandlob  (I  and  IV)  by  the  action  of  various  dehydration 
edia  with  the  aim  of  preparing  the  correspor.dl'g  ethylene  imines  did  not  give  satisfactory  results,  in  spite  of 
e  widely  varied  experimental  conditions.  For  example,  aminoalcohol  (1)  was  twice  subjected  to  vacuum  distill* 
ion  with  powdered  potassium  bisulfate.  However,  the  splitting  out  of  water  did  not  occur,  and  file  p>roduct  was 
most  quantitatively  recovered  uricha:.ged.  The  formation  of  the  imine  could  not  be  detected  in  the  products 
’  the  reaction  of  the  amiro  alcohol  wit'  phosphoric  anhydride.  In  this  case  the  ammo  alcohol  was  converted 
to  a  substance  of  fiie  composition  If  the  dehydiatlon  of  amino  alcohol  (Q  was  effected  with 

losphoric  anhydride. in*  thd  absepce'of  a  solvent  then  the  product  tarred  almost  completely. 

A  product  of  cDdetetmlned  str..ct-re  with  a  lower  boiling  point  was  obtained  by  fiie  action  of  acids 
xallc_and  phosphoric)  o"  amlncalcohois  (IV). 

EXPERIMENTAL 

1.  Reaction  of  Methyl  jllycidej'ther  wttr  Ammonia 

Synthesis  of  S-Methoxypropa  o!  2  ami'c  (together  with  S.  F.  Popov) 

a)  10  g  of  glyclde  metnyl  eC’.er  (c.p.  110-112*,  rj)  1.4040  [8])was  added  in  small  portions  to  SO- g  of  a 
/fl  aqueous  ammonia  solution.  A  homege"  ecus  colorless  liquid  was  obuLned;  the  temperature  of  the  reaction 
ixture  rose  from  20  to  40*.  After  stardirg  fo:  24  hours,  the  ammonu  and  water  were  distilled  off  from  the  reaction 
Ixiurc,  and  the  product  distilled  fjst  I*  vacuum  and  then  at  normal  pressure.  5.1  g  (43^)  of  3-rpethoxypropanol* 
amine  (I)  and  4.9  g  of  a  mixture  of  the  secordaiy  ard  tertiary  amines  (U)  and  (HQ  which  are  reported  on  below, 
rre  obtained. 

b)  Upon  mixed  IS  g  of  the  ether  wltn  225  g  of  25^  aqueous  ammonia  solution  under  the  above  ccndlticms,  10 
I  g  (55^)  of  3-methr  jorpropar.ol-2-amL-ie  ( )  ard  4  g  of  a  mixture  of  substar  ces  (in  and  IV)  were  obtained.  Ana- 
gous  resulu  were  obtained  o*  using  a  33<^  wlutio-  of  ammonia. 

c)  From  1C  g  of  the  ether  a'd  1500  ml  of  a  25^  aqueous  solution  of  ammonia.  11.5  g  (64^)  of  amino 
cohol  (5  and  3.6  g  of  the  mixture  of  sJ>su’-xti  (1  and  III)  were  obtained.  Tberefore,  the  yieM  of  amino- 
opanandici(Q  is  increased  with  the  Increase  Ln  the  amount  of  the  ammonia  used  in  the  reaction. 

After  redistUlation  3  metrioxyoropa-cl  2  ami'e  (I)  had  the  following  properties:  b.p.  101-103*  at  15  mm 
d  169-171*  at  atmospheric  p.'Cis.re;  C  *  1.0604  1.4590;  MR^  27.11;  calcula»d  27.26.  0.1136  g  subsUnce: 

.88  ml  0.1  N.  HjSO^  ^v:cordi-g  to  KjeJdah.;.  0.1o/«  g  substance:  15.15  ml  0.1  N  HjSO^.’  0.1460  g  substance: 

3219  Ag  (according  to  Zeisel).  0.1308  g  Substa-ce:  12.55  ml  0.1  N  NaOa  0.17i»6  g  substance:  17.18  ml  0.1  N 
lOa  Fou-nd‘S»:  N  13.41,  13.44:  CH.C  29.10  CH  16.31.  16.19.  C^HuQjN.  Calculated  <>:  N  13.33;  CH,0  29.52: 
i  16.35. 

The  methyl  ether  of  ami.*opropa~drol  (Q  u  a  colorless  liquid  with  a  weak  amine  odor  and  basic  propeitiesw 
dissolves  readily  in  water,  alconol  a'-d  acetore  poorly  in  benzene:  it  Is  insoluble  in  ether.  It  rapidly  decolor¬ 
ed  a  solution  of  bromine  ir.  chloro^o'm.  It  gave  the  iso*itnlc  reaction  with  chloroform  ard  the  color  reaction  for 
e  priniary  amino  group  w.iih  sodium  V.tropn.sside  In  acetone,  li  reacted  with  metallic* sodium.  It  can  be  stored 
r  a  long  time,  without  change.  Ir  closed  bot*les,  U'der  ordinary  coDditions,  it  absorbed  moisture.  A  Q.3408  g 
mple  of  the  substance  showed  a  werght  L'crease  of  20.  21.  25.  and  34‘Jb  after  6,  12.  24.  and  36  bourv respectively. 

pie  chlo*-*urate — of_ami;  e^ was  obtaij-ed  by  mixing  a  hydrochloric  acid  solution  of  0.3  g  of  the  product 
th  an  aqueous  solution  of  AuC  %  (,  g).  Orarge  crystals.  They  crystallized  with  ooc  molecule  of  water.  They 
cited  at  105-106  after  ber  g  wasr.cd  ma'y  •Imei  with  absolute  ether. 


0.3526  g  subita nee.  O.lSiO  g  Au.  Found  Au  42.80.  OHnCiN' AuCL*  FtO  Calculated 

42  58  *  *4  =*  • 


It  roust  be  mertiored  that  the  water  of  crystallization  ic  the  chloraurate  is  held  very  strongly,  and  diat 
:s  -.01  removed  ever,  upon  prolong'*,  heating  of  a  sample  in  the  drying  cabinet  at  &0*. 

Am:  e  ^I)  hydrochloride  was  p.^epared  by  the  evaporation  of  a  solution  of  the  product  in  dilute  hydrochloric 
:d  o.n  tr.e  water  bath.  Colorless  crystals  which  liquify  in  the  aLmosphere.  They  melted  in  a  closed  capillary  at 
87'  at'er  bei-ig  dried  Lo  a  desiccator  over  phosphoric  anhydride. 

0  2252  g  substance  15  79  ml  0.1  v  AgNO,.  0.1583  g  substance:  10.50  ml  0.1  N.  H,S04  (Kjeldahl). 

1641  g  substa.nce:  10.72  ml  0.1  N  HjSO,.  Found  ‘Jfc:  Cl  24.77:  N  S.28.  9.14.  C^HuC^N  -HQ.  Calculated  *5^: 

25  05.  9.89. 

Amiroalcohol  (I)  picrate  was  prepared  by  mixing  alcoholic  solutions  of  equimolar  quantities  of  the  pro- 
ct  ar.d  picric  acid.  Ahe:  24  hours,  le.non  yellow  cry’sials  precipitated,  which  melted  at  96-98*  after  recrystallization 
»m  Water.  ?t  gradually  decomposed  upon  storage  in  a  desiccator  over  sulfuric  acid. 

Analysis  of  the  picrate  The  sample  of  the  substa.oce  and  0,4  g  of  powdered  sulfur  ir.  15  ml  of  30*5^  oleum  was 
attd  a  Fjeldalil  on  a  boilng  water  bath  for  an  hour,  and  the  analysis  then  conducted  in  the  usual  manner 
cord’.rg  to  Kjcldahl.  • 

0  1146  g  subsU'ce  13  13  ml  0.1  !•  H-SO^.  0  1014  g  substance:  11.56  ml  0.1  K  H1SO4.  Found  ‘5S»: 

16  04  15.96  C  tH  Ca’culated ‘J:  >16.77. 

f^a^  1  eth'od  de  was  prepared  by  mixirg  equ-imolecular  quantities  of  the  reagents  in  absolute  ether  sol- 
o.n  T:  e  mactio-  xcurted  w!tr.  the  evolution  of  hsau  An  oily  substance  came  out  on  shaking.  Upon  placing 
after  the  dtscillatrc*  of  the  ether  ir.  a  desiccator  over  PjO_.  for  a  prolorged  period  of  time,  it  thickened,  assumed 
e  fo'm  of  a  .yrup  bj*.  it  did  not  crysralhze.  Sefere  analysis,  the  product  was  kept  for  several  days  in  a  desiccator 
er  phool  O' .c  anhydride 

0  i.9C0  g  S!.b>ta'ce  8  14  ml  0  1  *  hjSO  (Fjeldah.l)  0.1284  g  substance;  5.21  ml  C,1  N  HiSO^  Found 
'  ;  5  8i  5  66  C  i-  .O. t  Calculated^  N  5.32. 

Am  e  (')  p;ro>pr.a*e  formed  readtly  upon  the  evaporation  of  the  solution  of  2  g  of  t'ne  product  with  1  ml 
f  d-lL'e  (.  1)  p'^  orpr.O'ic  ac.d  d  1  54  A*ter  recrystallization  from  alcohol,  colorless  scaly  crystals  with  m.p,  154-156* 
ere  ob'ai-ed 

0  iC12  g  sub.ta.-ce-  5l9ml0l!>  H;SO^  0  116?  g  substance-  6  10  ml  0.1  N  HJSO4.  Found  N  7.17, 

33  H.PO,  Calculated ‘^c.  .*.6  89 

/.ce'ylatio-  of  tne  arr:-oalcor,ol  Diacetate  (Vli)  was  obtained  in  the  form  of  a  colorless  thick  liquid 
itr.  a  specific  odor  by  the  action  of  acetic  a'jydfide  or,  3  methoxypropanol-2'amine. 

r  p  173  175*  at  15inm.  d‘,'  1  1137.  .’■p  1  4552;  MR^  46.09;  calculated  46.05  0  1050  g  substance: 

.97  m*  0  1  .  H  SO„  (accordi'g  to  Kjeldahh .  u  1120  g  substance*  6.36  ml  0.1  N  HtS04.  Found‘d:  N  7.96. 

.95.  C  r.  .O.-v  Cakwlated  <?»;  N  7.40 

D  acetate^-/:;)  is  readily  soluble  m  water,  alcohol,  a-id  ether.  It  does  not  contain  a  free  hydroxyl  group 
'd  doe  -  ;t  gt'-e  a  pcs'tive  fut  a  primary  aii'ino  group  with  chloroform  or  with  sodium  nitropusside. 

Act  c*  -f  potasnurr  bisulfate  a'd  phoiphoric  arhydride  upoo  3  methoxypropanol-2-amine  fl)  A  series  of 
*pe:ime-t.  u'de’  'a^ious  co'ditlc'.s  was  conducted  .Several  of  these  are  reported  below 

i)  -0  g  -0  am'oakohol  was  twice  distilled  over  8  g  of  anhydrous  finely  giound  potassium  bisulfate 
'  iiO  rdf  iPiP  Tre  prod.ct  obtained  -Jtroge.-  found  11  95  a-d  12  65?u  calculated  for  the  starting  substance. 

r  7;  i3  i3  Tre-effie,  tr,c  product  practically  does  not  dehydrate  under  the  action  of  potassium 

•  I'^  fa  r  ^  d  was  alrpost  q.a  tititi  ely  reco-ered 

b;  7  g  -f  the  prod>.c'  r-  20  ml  abs  acetone  was  shaken  cnc^etically  wthPgphosphoric  anhydride  An  evo- 
ji  0-  of  re  t*  occ.  -ed  A  'o-  'wc'ty  four  hours,  the  product  was  heated  for  1  hour  on  the  boiling  water  bath; 

•  The  r  .  w^cre  V- Ilyzed  •  a-  a-alogous  rra'^er  i*  ail  of  tlie  subsequent  experiments. 


filtered,  and  after  the  distillation  of  the  acetone,  distilled 
tained  at  IBS'IIO*.  from  which  a  phosphorus-conuining 
x)form  vas.3btaL''ed.  on  starvdirg  la  a  desiccator  over  phos- 


the  solution  was  separated  from  :c>’C’je  by  d( 
at  ordinary  pressure.  1  g  of  a  light  yellow  ll( 
substance  insoluble  in  alcohol,  ether,  acetont 
photic  anhydride. 

0.1171  g  substance:  6.75  ml  0.1  N 
HjSO^.  Found  N  8.07.  8.09.  C4HPN  •  ti,P04.  Calculated'S::  N  7.56. 

Analogous  results  were  obtained  upon  cor  ducting  the  experiments  in  absolute  benzene,  ether,  and  chloroform. 

c)  6  g  of  the  amiaoalcohol  wa»  added  to  3  g  of  phosphoric  armydride  a:  room  temperature.  The  reaction  pro¬ 
ceeded  very  violently  with  a  great  evolution  of  heat  and  strong  tarring.  Upon  vacuum  distillation  at  20  mm,  only  0.8 
g  of  substance  (the  main  mass  urred)  with  b.p.  61-85*  in  the  form  of  yellowish  li>iuid  with  an  Intense  ammonUcal  odor, 
readily  soluble  in  water  ar:d  alcohol,  was  obtained.  Analysis  for  nitrogen  gave  a  figure  which  was  very  close  to  that 
obtained  in  the  previous  experiment  b,  i.e.,  8.04  and  8.05*5^.  The  undisflllable  residue,  a  solid  tarry  product,  was  not 
investigated. 

Di-<3  Methoxypropanol-2)  amine  and  Trl  <3-MethoxM)ropanol  2)  amine  (11  and  111).  10  g  of  methyl  glycide 
ether  was  added  in  small  portions  to  10  g  of  25'/c  aqueous  ammonia  solution.  The  ether  dissolved  immediately,  a 
homogeneoE  colorless  solution  was  obtained,  which  was  allowed  to  stand  for  24  hours  at  room  temperatu'«.  Immed¬ 
iately  after  the  raixiig  of  the  rcagezts,  no  reaction  occurred.  After  10-15  mirutes.  a  voilent  reaction  started,  the 
temperature  of  the  mixture  rose  from  18  to  75*.  the  stopper  was  blown  from  the  neck.  If  the  temperature  (25-30*) 
was  regulated  by  cooling,  the  reaction  proceeded  quietly  ar.d  was  completed  within  1.5-2  hours.  After  standing 
for  24  hours,  the  ammonia,  water,  a.nd  a  small  amount  of  the  primary  amine  (I)  distilled  from  the  reaction  mixture. 
Upon  vacuum  distillation  of  the  residue  in  the  flask.  6.5  g  of  a  mixture  of  the  secor^ary  and  tertiary  amines  (II  and 
III)  was  obtained  in  the  form  of  a  thick  colorless  liquid,  which  slowly  solidified  and  chaf'ged  into  a  pvaraf&i  like, 
fatty-<o  the-touch.  mass  meitLng  a  48*. 


B.p.  171-175*  at  10  mm;  0.1540  g  substance:  7.53  ml  0.1  K  H^SO^ (Kjeldali).  0.1422  g  substance: 
6.81  ml  0.1  N  HtS04.  Found  <51:  N  6.84.  6.71.  C|H,^4N.  Calculated  N  7.24.  Cari,  AN.  Calculated 
N  4.98. 


0.1212  g  s’-bsta-cer  5.05  ml  0.1  >*  ^:^SO^  0.1658  g  substa-ce:  6.7  ml  0.1  N  HjSO^  Fbund  N  5.83. 

5. 90.  C^jHjOjN.  Calculated  N4.98. 

As  shovri  by  the  analyses,  the  secondary  (IT)  a~d  tertiary  (III)  amines  .separated  from  the  mixture  (II  and  III) 
with  the  etnet,  were  ^ot  comp.eiely  p’..re  ar.d  cortaired  small  impurities  of  the  othe  substances. 

2  Reaction  of  Ethyl  Glycide  Ether  with  Ammonia 

Synthe.is  of  3  Ethoxypropa''ol-2-amire  {T.’)  (togenher  with  A.  A  Aristova) 

a)  30  g  of  e’^hy'  glycide  ether  [8](h.p.  128  130*.  1.4980)  was  added  in  small  portions,  with  shaking, 

to  450  g  of  33 ‘^aqueous  ammo''ia  solution.  An  increase  ir.  temperature  from  14  to  22*  occurred.  Within  20  min¬ 
utes.  the  ether  layer  dissolved  a*d  a  colorleis  homoge'oo’js  liquid  was  obtained.  After  standing  for  24  hours,  the 

a  minor  ia  and  the  water  were  removed  and  the  p.*oduct  vacuum  distilled,  20  g  (34,2^)  of  3*€thox>'propanol-2-aroine, 
and  8  g  of  a  mixrjre  of  »he  secondary  (V)and  tertiary  (V!)  amines,  reported  below,  were  obtained. 

b)  A'a.ogous  res-lts  were  obtained  ir  experime'ts  where  a  25^  aqueous  ammonia' solutio.*!  was  used 
instead  of  tne  33^.  ..'po'  usi'g  a  saturated  alco.nolic  solution  of  ammonia,  as  was  shown;  by  separate  experiments,' 
the  yield  of  amino  alco.nol  ('V)  d:d  'ot  exceed  40^.  calculated,  as  in  the  previous  experiraerts,  on  the  ether 
oxide.  Compete’y  pure  3  ethoxypropa'ol  2  amine  (IV)  was  obtained  on  redistillation  in  vacu’.m, 

?.p.  105  lOr  at  15  mm;  1.0360  1.4580-  MR  31.41;  Calculated  31.88.  0.2190  g  substance: 

17.6i  ml  0. 1  i-  H.SO,  (i^jeldahl).  0.14CC  g  substance:  0  28(^  g  Agl  (according  to  Zoisel).  0.2,174  g  substance: 
0.4278  g  Ag'  0.0S86  g  sub^ta-’ce-  7.26  ml  0  1  K  SiOH.  0.1384  g  substance;  11  51  ml  0.1  N  .MaOH.  Found  ‘Jt: 

N  11.25  11,65  C.,K -0  37.50  37.80  0.4  13.93,  a4. 14.  C»H...OtN  Calculated  ^  N  11.76'.  C'jHjO  37.S1:  OH  14.27. 

Ti-ie  3  e » ho x.y propanol  2  amire  (IV)  obtained  was  a  colorless  mobile  liquid  with  a  weak  amine  odor,  bitter 
taste  read'Iy  s-tiub  e  i*  wafer,  alcohol  ard  acetot'C  poorly  ir.  benze~«  and  ether.  The  aq-ueous  solutions  gave  an* 
alkalir^  react;?'  rap'dly  decclo^-ized  a  so.ation  of  btar-  re  in.  chloroform  gave  a  positive  reaction  for  the  primary 
ami-'o  g'cup  w.ih  sodium  n  troprus^ide  and  the  isO'^itriTe  reactio."  with  chloroform,  reacted  with  sulfuric  acid.  It 
dis'illed  at  200  202*  at  rormal  pre  sure  with  a  sHght  decomposition  It  absorbed  water  and  carbon  dioxide  from 
the  atmospnete  A  -ample  of  0  3054  gof  the  substa' ce  gave  an  trerease  of  lO,  18.  22,  and  23^  after  6,  12,  24,  and 
36  hours  respect  veiy 

Ami'O  aiconol  (^■')  hydr-xhlor-de  was  obtamed  t-po'  the  evaporatio.'-'  o*  the  solution  of  the  product  (1  g) 
n  hydrochior'c  ac-d  (2  m*)  O'  tne  watcf  bath.  The  hydiochloride  dried  for  %ro  days  tn  a  desiccator  over  phosphoric 
anhydride,  was  a  colorless  crystalli'c  substance  readily  soluble  in  water  and  insoluble  in  ether,  which  liquified  on 
sU'-drg  ir.  the  aix. 

0.1245  g  stb-.ta  ce.  7.82  ml  0.1  N  n  SO,.  0.1081  g  substa-re;  6.71  ml  0  1  n’  0,1404  g  substance: 

9.09  ml  0  1  Ag;-Os.  0.1230  g  ubsta'ce;  7.95  ml  0.1  N  AgNO,  Found ')fc;  N  8.79,  8  69  Cl  23.02  ,  22,91, 
C.HjC^ri  •  HCl.  Ca’ci.lated ‘5b.  S  9.00.  Cl  22.78, 

Aini~e  jJV)  p.crate  was  a  lemon  yeUow  crystallire  substance  After  recrystallization  from  water  or  a 
mixture  of  alcohol  a  d  ether  it  melted  a»  107  109'.  It  was  soluble  m  water  and  alcohol.  It  decomposed  gradually 
upon  prolovged  s'andu-g  ir  a  deuccato:  over  sulfuric  acid, 

0.1062  g  -,-ubstance  I1.88  ml  0,1  N  HiSO.  (Kjeidahl).  0.1108  g  substance:  12.43  ml  0.1  K  H,S04.  ^ 

Found ‘it  15 ‘.'8  15.70.  <  aiU 'A itsd  <%:  N  16.09. 

Am!~e  (*Vj  o«alate  was  obtaif’ed  on  mixi'g  hor  alcoholic  solutions  of  equal  molecular  quantities  of  the 
product  and  a.nr.ydrous  oxalic  acid  (in  p.  189').  Coloile.s  prismatic  crystals  with  m.p.  173  (from  water). 

0,1018  g  sub  unce  4  55  ml  0.1  N  H,SO*,  0.1054  g  substance:  4  83  ml  0.1  N  H2  SO4  .  Found  N  6.26 
6.41.  Cri-!^0*-  Calculated^.  N6.69. 

A  mire  (IV)  pno-pnaig  was  ob'ained  upo.n  evapoiatior  of  a  solution  of  the  product  (1  g)  with  phosphoric 
acid  (0.5  ml)  d  1.54,  01  the  water  bath  After  rectystallization  from  alcohol  it  melted  with  decomposition  at 
1C8 

0.1343  g  substance  .  6  39  ml  0  1  N  44504.  0.1203  g  substa-ce:  5.92  ml  0.1  N  H,S04,  Found  <*1:  N 

6.66,6  88.  C  Hj  O.SP  Caic  ila’ed ‘5t  N’ 6.46. 
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A. t^L'id  ^Icchol  (oO  •  crystalline  derivative  with  either  gold  chloride  cr  ethyl  iodide. 

Acerv-jtica  cf  3^-Sovy.vnnanol-2-arcL-e  (?P).  Diacetate  (VOI)  was  obtained  by  the  action  of  freshly 
dis-JIled  aceUc  anhydride  on  the  amlr.o  alcohol  in  the  form  of  a  colorless  thick  liquid  with  a  specific  odor. 

B. P.  178-1&2-  at  15  mm;  d"  1.0884.  n«  1.4589-  MR  51.84j  Calculated  50.67.  0.1482  g  substance; 

7.84  ml  0.1  K  HiSO^.  0. 1509  g  subttarce;  8.0^  ml  0.1  N  HjiQ*  {^cordingto  Kjeldahl).  0.1862  g  substance: 
0.2194  g  Agl  I  accoudins  to  2:ei5el).  Found ‘Jt;  N.  7.41.  7.79;  CjlhO  22.63.  Calculated^:  N  6.89, 

CjFLC)  22  17. 

Diacetate  (VIU)  was  soluble  In  water,  alcohol,  and  ether,  h  does  not  contain  a  free  hydroxyl  group  and 
did  not  give  a  positive  reaction  with  tudium  nitroprusside  in  acetone  and  the  isonitrile  reaction  in  chloroform. 

Action  of  oxalic  and  rr.c-sphoric  acids  on  3'etboxypropanoI~2*amine  (IV).  A  series  of  experiments  was 
conducted:  several  of  these'aic  iCported. 


a)  4  g  of  the  amine  a'ld  2  g  of  anhydro'us  oxalic  acid  (m.p.  188*)  were  heated  in  a  Claisen  flask  for 
15  mnnutcs  at  140*  on  a  pa*afr  bath.  Lpon  the  mixir.g  of  the  reagents,  the  temperature  rose  from  20  to  66*. 

1.3  g  of  the  subsunce  was  obui'cd  on  vacuum  distillation  In  the  form  of  a  viscous  liquid,  bitter  to  the  taste. with 
an  intense  ammoniacal  odor,  readily  soluble  in  water,  alcohol,  and  insoluble  In  ether. 


0.1688  g  substance-  6.3  m!  0.1  N  H^SO^.  0.1840  g  sJbstance:  e-,6  ml  0.1  N  H,S04.  Found  N 
5.22,  5.01. 

b)  a  mixture  cf  4  g  of  the  amino  alcohol  a'-'d  6  ml  of  phostmoric  acid.d  1.54,  was  stirred  at  room 
temperature  for  30  mini^res  a*d  tlien  heated  fer  3.5  hours  on  the  boill'g  water  bath.  Upon  mixing  the 
reagents  cease  in  temperature  from  20‘  to  56' occurred.  At  the  end  of  the  heating,  the  mixture  was 
diluted  with  2  parts  of  water,  and  usi*g  smiiP  separate  samples,  it  wa:  extracted  with  benzene,  or  ether,  or 
chloroform  or  the  sample  was  latu'atcd  with  po’assium  carbonate.  Howe-»er,  no  reaction  product  was  isolated. 
The  main  part  of  the  solution  was  the'  treated  with  a  mixture  of  alcohol  a'd  ether.  A  small  amount  of  an 
oily  substance  precipitr.ted. 


0.1896  g  substance.  6.S6  ml  0  1  N  (Kjeldahl).  Found  N  5,06. 

Fefore  the  ana.ysis.  the  product  was  i-ept  for  several  days  Ir  a  desiccator  over  sulfuric  acid. 


b)  3  g  of  the  amino  alcohol  was  added  dropwise  from  a  funnel  to  5  ml  of  phosphoric  acid,  d  1.79,  heated 
:o-100*  It.  a  Claisen  flask.  Each  one  of  the  droplets  reacted  explosively  with  the  hot  phosphoric  acid,  and  white 
rrystals  appeared  on  the  walls  of  the  flask  The  system  was  evacuated  to  25  30  mm.  A  very  small  amount  of  a 
;ubstarx:e  distilled  at  46-50*  in  the  form  of  a  light  yellow  liquid.  The  liquid  1.3520).dried  over  potassium 
lydroxide,  was  a-alyzed  Found  ^  ^  2.72  (according  to  Kjeldahl). 

Di  ■(3-Ethoxi'proFa^ol-2)  amne  (V)  and  Tr!-(3  Ethoxypi-opanol  2)  amire  (VI).  15  g  of  ethyl  glycide 
:ther  was  added  to  15  g  cf  a  25*?;  aqueous  aininorixa  solutio'^.  In  contrast  to  the  methyl  ether,  ethyl  glycide 
ther  did  not  mix  with  »he  a.m.-nonia  immediately,  tliene  occutted  first  a  slow,  and  then  a  rapid  rise  in  teroper- 
turc  after  30  minutes  froni  20  to  45*,  and  the  liquid  became  hoinogeneojis.  After  24  hours,  the  ammonia,  water, 
itid  a  small  amount  of  primary  (T/)  were  d.stilled  off  The  residue  In  the  flask  weighed  13  g  and  was  a  mixture 
f  the  secondary  (V)  and  lertzary  (VI)  amines  ii  tlie  lorm  of  a  color!ts<  parafn  like  mass  with  basic  properties 
eadily  soluble  in  water  a'd  aiconol,  poorly  ir,  ether,  m.p.  61-63*. 

0.1486  g  substar-ce.  6,29  ml  0.1  V  H,SO^  (according  to  Kjeldahl).  Found  N5,92.  CioHj|04N. 
:alculated  .m  6  33.  Calculated  tje;  N  4.33. 

The  abovfe  anal>'::cal  data  indicates  that  there  was  about  76^  of  the  secondary  (V)  and  2AP]oo{  the  ter- 
lary  (V!)  ami'es  in  the  mixture  obiaired.  The  same  mixture  of  the  two  amines  (V  ana  VI)  as  shown  above, 
as  obtai'ed  alorg  with  the  main  product  (IV)  ir.  experiments  a  a‘.d  b  of  Section  2. 

i*  vras  very  difficult  to  ^parate  the  mixture  of  amines  (V  and  VI)  by  vacuum  distillation,  an 
tiempt  was  .made  to  separate  it  by  means  of  ethyl  ether,  i-  which  their  solubilities  were  difficult. 

2.6  g  of  the  mixture  cf  amres  (V  and  vj)  was  trea^ed  S  time-  with  10  ml  of  cold(  ♦  5*)  absolute  ether 
ith  shaki  g  The  I* soluble  part,  a  1  g  qua-tity  r  the  form  of  a  light  veliow  parafin  like  mass,  was  transferred 
the  filter  a'd  washed  with  ether  It  was  readily  soluble  in  water,  alcohol,  and  acetone.  Aqueous  solutions 
ve  an  alkaline  reactior, .  It  mel'ed  at  91  92*. 


0.1047  g  subsuncc.  4.54  ral  0.1  N  HjSO^.  0.1104  g  JubsUnce;  4.S5  ml  0.1  N  I^SOj.  Found  N  6.07, 

6.09.  CijHtP4N.  Calculated  <5t:  N  6.33. 

1.6  g  of  the  tertiary  ami* •• •••e  (/T)  was  isolated  after  the  removal  of  the  ether  from  the  filtrate  on  the  water  bath 
Lt  the  form  of  a  colorless  cily  liq.iid  w'.ich  prtly  cr>’stallized  on  standing.  The  amine (VI) obtained  was  soluble  In 
water,  alcohol,  and  ether. 

0.1578  g  substance;  5  41  ml  0.1  N  H;SO,  (according  to  Kjeldahl).  0.1311  g  subsunce:  4.59  ml  0.1  K  HjSO^. 
Founder  N  4.80.  4.90.  C^h.^O.N.  Calculated  N  4.33. 

As  the  analyses  shew,  the  secordary  (V)and  tertiary  (VI)  amines  isolated  from  the  mixture  by  means  of  the  ether 
were  not  completely  pure  and  contained  small  contaminants  of  the  other  substance. 

SUMMARY 

1.  The  reaction  be’^ween  methyl  a'd  ethyl  glycide  ethers  and  ammonia  was  studied. 

2.  It  was  shown  that  a  miKt..’e  o^  ether:  of  amino-mono-,  di-.  and  tripropandiol  in  amounts,  the  ratio  of  which 
depends  on  the  degree  of  the  exce*.;  of  ammo'ia,  was  formed  as  a  result  of  the  reaction. 

3.  The  followirg  products  we’c  obtaL'ed  and  characterized:  3-methoxypropanol-2-amine.  3'€thoxypropanol-2- 
amine,  their  diacetates  and  several  *alts. 

4.  It  was  shown,  that  the  a.-nr.oproDa'diol  ethers  did  not  give  the  corresponding  ethylene  imines  by  the  action 
of  acids  (oxalic  and  phosphoric)  eid  po*i:svjm  brulfate,  while  in  the  case  of  the  reaction  of  the  amino  alcohol  (I)  with 
phosphoric  anhydride,  the  substa'cc  C^r •  h,  PO^.  was  formed. 

5.  It  was  pointed  out  t*^a:  g'vcide  e'hers  are  not  noticeably  different  fro.m  propylene  oxide  in  their  reactivity 
in  relation  to  ammonia. 
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HALOGENATION  AND  T  H  IOC  Y  A  NA  T  ION  OF  AROMATIC  AMINES  WITH  LIQUID  CHLORA¬ 
MINES.  CHLORAMIDES,  ALKYL  HYPOCHLORITES.  AND  ORGANIC  HTD  ROPEROX  IDE  S 

A.  A.  Petrov.  G.  A.  Balaev,  and  D.  B.  Ioffe 

Complications  arising  during  .»je  direct  halogenation  of  aromatic  amines  with  free  halogens  (oxidative 
processes,  impossibility  of  obtaining  mono?  and  in  certain  cases  even  di2ialides.  and  impossibility  of  iodinating 
directly),  and  the  great  practical  importance  of  halogen  derivatives  of  aromatic  amines  underlined  the  necessity 
of  developing  new' me’ hods  for  the  introduction  of  a  halogen  into  the  aromatic  ring.  A  survey  of  the  literature  on 
this  question  can  he  found  in  previous  papers  by  one  of  the  authors  well  as  in  recently  published  texts 

on  methods  in  organic  synthesis  [5-7]. 

Halogenation  with  oxidizing  agents  and  N-chloramidcs  can  be  assigned  to  the  number  of  new  methods  of 
halogenation  proposed  during  the  past  25  years.  As  oxidizing  agents  capable  of  halogenating  aromatic  amines  in 
the  presence  of  salts  of  hydrogen  halide  acids  in  acidic  media,  were  proposed  hydrogen  peroxide,  nitric  acid,  po¬ 
tassium  persu!'ate,  iodates,  and  other  substances  Of  the  chloramides,  chloramine-T,  N*-  -dichlorourea,  N-chloroaceia- 
mide.  N.N’-dichloropentamt  thylcnctctra.'nine.  .  and  N-chloroimidocarbonic  ester  were  used  for  this  purpose. 

The  reaction  in  all  cases  occurs  according  to  the  scheme: 

H  ^Wg 

Ar  ♦  KHlg  +  R,NC1— *-  Ar<^  ♦  KQ  ♦  I^NH. 

NK,  NH| 

A  development  of  the  chloramide  method  showed  that  it  was  possible  to  halogenate  many  aromatic 
amines  with  chloramides  without  side  products  This  method  is  of  considerable  importance  because  of  the 
simplicity  of  dosing  the  halogenating  agents  so  as  to  obtain  monor  dir  and  trihalide  derivatives  with  the  same 
or  different  halogens  in  the  same  reaction  medium.  The  complete  use  of  bromine  and  iodine  is  another  ad¬ 
vantage  of  this  method. 

Investigation  of  the  mechanam  cf  iodination  of  aromatic  amines  with  chloramides  led  to  the  con¬ 
clusion  that  it.  apparently,  was  identical  to  the  method  of  iodination  with  oxidizing  agents  [2].  At  the  start 
of  the  reaction,  the  oxidizing  agent,  as  well  as  the  chloramide.  is  consumed  in  splitting  out  the  iodine.  Intense 
iodination  starts  only  after  the  separation  of  the  greater  part  of  the  iodine  into  the  free  state.  This  peculiarity 
of  the  reactions  led  to  the  idea  that  the  iodinating  agent  in  all  of  these  cases. was  hypoiodous  acid  formed  as  a 
result  of  the  oxidation  of  free  iodine  by  the  chloramides  or  the  oxidizing  agent.  It  is  possible  that  the  intermediate 
formation  of  hypobromous  acid  occurs  during  bromination. 

In  analogy  with  the  method  of  halogenating  aromatic  amines,  one  of  the  authors  was  able  in  1932  to 
develop  a  new  method  of  thiocyanation  of  aromatic  compounds  with  N-chlor  amides  [8,91  Th®  reaction  occurs 
according  to  the  following  general  equation; 

.H  ,SCN 

Ar  ♦  NH4SCN  ♦  RtNCl  — ►  Ar  ♦  NH4CI  ♦  R,NR 


This  method  was  applied  successfully  in  a  series  of  subs.equent  investigations. 

All  of  th?  N-chloramidcs  used  previously  for  habgenation  and  thiocyanation  were  crystalline  sub¬ 
stances.  There  remained  ihe  unexplored  question  of  the  feasibility  of  using  certain  liquid  chloramides.  espiecially 
N-chloramines,  mOii  which  arc  liquid  substances,  for  these  purpc>ses  In  cerioin  cases,  the  use  of  liquid  halogenating 
agents  '.vhtrh  can  be  added  to  the  reaction  mixture  with  a  burette  or  microbureite,  can  prove  to  be  more  convenient 
than  the  use  of  solid  substances. 

Also  unanswered  is  the  question  of  the  possibility  of  using  alkyl  hypochlorites  for  the  purpose  of  halogcnai* 
ing  aromatic  amines  These  substances  are  readily  ptejiared  from  alcohols  and  in  certain  cases  possess  sufficient 
stability  to  be  kept  and  used  for  synthesis  as  a  halogenating  agent  RecenUy  a  series  of  papers  was  published  on 
the  halogenation  of  aliphatic  compounds  with  tertiary  butyl  hypxichloriie  [10] 
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ArJ  fmlly.  it  seemed  i-^te-est  to  mvestigae  ibe  naloger^tir.g  properties  of  organic  hydroperoxides. 

The  soiutior.  of  the  ibo-e  p-3blem$  ¥is  the  aJr  of  this  investigation. 

AS  expe:-jrer.ul  subjects.  N^chlo  odiethylairinc  horn  the  chloramines.  N-chlo:ou:ethanc ‘feom  the 
I'quld  chlo-ainces.  tc:’  b.tvl  hA-pochlO-ite  from  the  hypochlorites,  a-nd  ten. -butyl  hydroperoxide  from  the 
organic  hyd-opercxides  were  c'hosen  A"  attempt  to  t.se  nloroplperidine  was  ended  by  the  instability  of  this 
subsunce. 

Tne  c^loge-atro^  a'd  th:xya"«t:o-.  of  a'orrafc  air  oes  with  N-chlorodiethylaroi*  usually  conducted  • 
in  80*50  acetu:  acid  in  o  de^  to  co-rrte'acT  the  basic  character  of  the  diethylamine  liberated  as  a  result  of  the 
reaction.  The  chloramine  was  added  drcpwise  from  a  mxrobi  etie  to  a  cooled  nutture  consisting  of  the  amine, 
the  halide  o’  the  thiocyanate  and  aretcc  a-d.  with  effic.e-t  sii-*L-g.  The  b'ominaiion,  locinaiion.  and  thiocyanailon 
of  anthranillc  acid  the  rod.-.atro'  ard  thioryanat  on  of  o-toluidme.  and  the  thiocyanatlon  of  a-naphthylamlne  were 
ir.vestigited.  The  co  espo' d_-g  trc-o  hil  ce  o.  tt  o  ys'a’e  de  rvaiives  we*e  obtai-ed  in  good  yields  in  all  of  these 
cases.  Tke  oxid^tro-  of  the  aml’es  almost  did  lot  occur. 

These  experiments  led  u  the  co^clus  on  that  N-criO'Od  ethylami'C  car.  be  used  s’jcce»sfully  for  the  purpose 
cf  haloge.n am  g  a-d  ih  ccya-aticg  a'omatic  amires. 

Hatoge  at  O'  w't-  '-^hlo-ove thane  was  effected  acetic  ac  d  acetone,  a-'d  methyl  alcohol.  The 
best  'csiilts  we  e  oDta  .'ed  .*  inc  f'.  st  o'e  cf  tnese  a^lvcii  Tre  b  cmi'atio".  *x)dinai-on,  ard  thiocyanation  of 
ar.th»a-'Ji:  a-.d  the  c  z*  '-»o’..d.-e  the  th.rcyi'ai  o-  of  ir-tolu-dine  a-d  a-r.aphthylamine  were 

Lnveit'gated.  Th  s-Crge-t  a.sed  t  m.'h  ge>*e.  ox  dat.o*  cf  the  am.nes  in  comparison  to  chlo.-odteihylamine. 

The  ea'i  O'  p  od..t  r.id  to  be  p-  -ied  w  tr.  act  "ared  <  a  bo  »ni  for  ir's  'caso'  the  yi.eld$  wc.'e  somewhat  lower 
ihf’  the  p-ev:o..s  case  Tn  ocya-at  o  witr.  j.-c.-io-c.-ei'-a-e  p.-vreed  .omewhat  bette*  than  halogenatlon. 

Tne  co-j  de-able  C'x'djt-  g  a  tron  cf  -  -’o  ‘  -eina'e  .po-  a-omat  c  ami'cs  as  well  as  its  strong  vessl- 
cart  aci.o.n.  mide  wori«  w  ih  :t  C  ffic  .lt  and  .is  appl  «i  o*  fo*  the  calogcaion  a'xl  ih'ocyanaiior.  of  •  omaiic  amines 
limited. 

The  b  omi-at.o*  oc  'atrc-  a-d  t'.c.ya- »t‘.o-  of  «'ih:i' 1  c  e-.d  it  e  b  om'.'ai*on  of  a- naphihylamine, 
the  iodi'atio'  a'd  in  c-yanai  o-  cf  a-<J  m-ioiuld  .ne  ■•rdfre  trrorya'at.oi  of  d'jreihylanilire  with  te-t.-butyl 
hypochlo-  te  vccittempied  All  these  expe-  me-ts  we  e  cc'd  .cted  I*-  acetic  ac‘d.  Almost  all  of  the»  experiments 
we-e  co'clnded  .'s.ccessf.lly,  O-ly  tn’o:  ya-odlmethyU-ili-e  w*s  obu.ed  ir  low  y.ejd.  The  hypochlorite  energet¬ 
ically  oxidns  ed  the  ami'es almost  all  of  the  c  ases  t-d  dv  ir.g  tiie  thioc yanatitv-  the  ammor.i.Lm  thiocyanate.  This 
subsunce  was  fo.rd  to  be  q.'te  u*s.  table  as  a  haloge*  ati*g  a-d  in'ocya-atlr.g  agent. 

The  abJity  of  ts  t  bu'yl  hyp*'  h'orMe  to  ih'ocya-  acd  methyl*-Ul--e  n-dicates  that  It  liberates  free  thiocyanogen  , 
which  is  the  tn-ocya-aii-g  »gent  _*  tr  s  case. 

Also  .'suitable  fc  the  ^alogenat  o;  a'd  tn.ocya-at’or'  cf  arorrati-  ami-es  is  tert-bjtyl  hydroperoxide. 

The  b-'cm.-at'o*  odi.^fo'  a'd  ih.or  jra-iatc*  of  ar-h'a"i  '  arid  tne  led  ’■atio-  a-d  thiocyanation  of  o-toluidine,  and 
the  th'.Of  ya.-at:o-  cf  CTneiny'*' 'li-e  vee attempted  w  t"  this  s.bsta're.  The  hvd  opc'oxide  -cacied  ve-y  slowly  In 
all  cases  and  ma.nly  >s  cx  dize  o*  the  esge-is.  0-ly  .odCu-th’a-  I'f  ac'fl  a-d  ihiocyanodimethylaniline  could  be 
Isolated  o  low  y.eld  Tne  last  fa.t  i  thenrema*  -le  evi  s—re  it  shown  that  hvd'cpe'ox'de  can  liberate  thio- 
cyanogc  f'om  ammonr-.m  th  ''c  va'ate.  a'd  ev'ae-ily  "s  •  rh.o'ya-at.'g  age-t  ir.  this  case. 

The  efo'c  as  the  *es.ii  cf  the  g’ver.  i' vesrg»'*0'  t  w«s  -•’cw  -hat  *'al  de  amides  and  haloamides  as 
halogensfng  a  u  f  or  ya-ati  g  age'Ts  fo-  »:oma!  c  am..ie$  ca-'-KJt  be  rep’aced  by  other  hypobalide  compounds,  alkyl 
hypochlo  lies.  Ti«y  also  ca-’ror  be  -eplaced  w.m  hy’d  opc'ox  des  As  fo-  ihe  baloammes  and  haloamides. 
ihei!  asso-tme  it  as  r.alogc-at  'g  and  th’ocya' ai*-g  age-ts  must  be  cors’de-ably  wtdesp'ead.  vx  only  solid, 
but  also  Ifqj  d.  net  o-ly  ctlo  amides  b.t  also  chlo  am'-e>  may  be  .sed  to  halogenate  ard  thiocyanate  organic 
ami'es  as  w*s  shewn  by  the  above  ln.vest’gatio'. 


EXPER  ^E.-^TaL 


r-a.cpe?ai  q-  ird  Th  orya-afo'  w  ih  Ni-ChiO'od  ethv!am* -.e. 


'-'hlo  od  euiyiam  ne  was  p  epa-ed  by  tre 
chlO'am"e  o-t*.  "g  o  01  g.  atom  cf  uc’.ve  c  nl")!! 


act  on  cf  scd..m  hyper  hlo-ite  or  diethylam.-e  [111  A 
.'e  pe  ml  was  ..sed  fo-  Th,e  experiments.  This  corresponds 
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10  approximately  IOC/?-  concent -at ion. 

In  all  cases.  0.01  mole  of  the  aromatic  amLne,  0.011  mole  of  the  halide  or  thiocyanate,  and  10-20  ml  of  ac( 
tic  acid  were  used.  Tiic  mixture  was  cooled  with  ice  and  salt,  and  a  quantity  of  the  chloramine  containing  0.011 
g.  atom  of  active  chlorine  was  added  with  stlnlng.  to  i:  from  a  n^icrobureite.  After  0.5-1  hour,  uhe  mixture  was 
dUuted  with  water,  the  reaction  product  filtered,  and  recrystallized  from  aqueous  alcohol.  The  experimental  results 
are  listed  in  Table  1, 


Initial 

substance 


nthranilic  acid  .  .  . 


o-Toluidine 


-Naphthylamine  .... 


TABLE  1 


Reaction  product  ! 

_  ■ _ i  (in  c;-) 


5-Bromo-2-amLnobenzoic  acid  80 

-  5-Iodo-C-aminobenzoic  acid  93 

.  5-Thiocyano-2-aminobenzoic  acid  92 

(  5-Iodo-2-aminotoluene  97 

5-Tn:ocyano-2-aminotoluene  60 

4-Thiocyano-l-aminjnaphtralene  78 


Melting  point _ 

literature  data 


220  |12] 
210  [12] 
170  [8] 

87.2  [12] 

70  [9] 
146-147  [B] 


In  all  cases  the  reaction  p'oducts  were  haroly  colored.  During  iodination.  a  voluminous  separation  of 
iodine  occurred  which  then  was  absorbed  by  the  iodinated  substance. 

2.  Halogeratlor;  and  Thioevanatio-  w.th  N -Chi oro urethane. 


N -C hi oroure thane  was  prepared  by  the  direct  action  of  chlorine  gas  on  an  aqueous  solution  of  urethane. 
Chlorination  of  urethate  wuh  sodium  hypochlorite  does  not  offer  any  advantages. 

The  method  of  hal'ogtnat.on  ard  ihiocyaration  with  this  reagent  did  not  differ  from  that  reported  above. 
A  chlo!  amide  cornammg  0.01  g.  atom  of  active  chlorir.e  in  0.8-1. 0  ml  was  used. 

The  expermnenial  'csulis  a»^e  lasted  in  Table  2. 

TABLE  2 


Initial 

Reaction  product 

IBBIH 

Melting  Point 

ubstance 

literature  data 

Anihianilic  acid . 

- 

|'6-B'omo-2-aminobenzoic  acid 
<6-.odo-2-aminobe'izo?c  acid 

50 

60 

220 

210 

220[12] 

210[12] 

i5-Thiocya.’o-2-am-nobenzoic  acid 

50 

170 

170[8] 

p-Niiroaniline . 

2 , 6  -D  ib'om  o  -4-niiro  an  il  ine 

45 

200 

206[12] 

o-Niuophenol . .  .  . 

4-P'omo-2-nirophenol 

74 

92 

89[12] 

o-Toluldine . .  * 

5-Thioc  yano-2-aminotoluene 

45 

70 

70[.S1 

m-Toluldlne . 

2-Th:oc  yaro-S-aminoioluene 

65 

83 

83[9] 

DimethylanUine . 

4-Thiocya«-odiroeihylanilire 

45 

73 

74[8] 

a -Naphthylamine  . 

4-Th.'Ocyano-l-aminonaphihylene 

97 

143 

146  [8] 

3  haloperaticr  and  Th.oc ya -aito-  w.th  TeM  Butyl  Hypochlorite.  - 

Ten.  butyl  hypochlo'-ie  was  obta:ned  by  the  action  of  chlorine  on  a  solution  of  tert. -butyl  alcohol  and 
NaOH  to  a  neutral  reaction  [14].  the  substance  contained  0  01  g.  atom  of  chlwine  in  1.2  ml  of  the  substance, 
which  conesporded  to  approximately  lOi^ concentration. 

Expe-iments  on  halogenation  with  this  subsunce  as  was  previously  mentioned  in  the  introduction,  did  not 
give  suCcessfLI  res*.lia  Intensely  colored  tars,  from  which  the  desired  substance  could  not  be  crystallized  by 
means  of  active  carbo.n.  were  obtai'’'ed. 

Thiocyanatio'  of  dimethylar  Jr.e  gave  a  light  g*een  product  in  a  10^  yield.  The  substance  melted  before 
recrystal lizatior.  at  70*.  afie-  leciystallization  from  dilute  alcohol,  at  74* 
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A  Halogeratijn  a-d  Th  ocyarat’jn  with  Tert-- ^tyl  Hydroperoxide. 

Ten.  butyl  hyd.ope'oxide  w.iii  An  Activity  cf  0.01  g.  Atom  of  Active  oxygeo  in  2  ml  was  used,  wb^h  correi” 

■  po'jded  10  Approx. irately  SCKi  cor.ee itrat-O.", 

•odi-aiio'-  of  A-ih-A'. J acid  gave  54‘5k  yield  of  lodoa'th'AtLlic  Acid  with  m.p.  205*  (without  recrystallization). 
The  throcvaiior  of  a.Treihylaril  'e  p.odaced  Th.ocyar.odunetbylsniline  in  a  yield,  with  a  m.p.  69' vrithoui  recry- 
suUiatio-  afte-  ’ec’vstAll'iatior  fnrrr  alic.'-ol  74  The  'est  of  the  experiments  as  mentioned  in  the  main  section, 
dul  not  leiC  to  the  prepa'atio*  ofire  expected  subsia’*ces. 

SIV-VARI: 

1.  The  poss  b  J  ty  of  US 'g '.-cMc'od  einylamre  >-chlo*ourcihine  icn.- butyl  hypochlorite,  and  lert.- 
butyl  hyd:ope-cx.dc  fo-  the  haloge'atic'  and  thiocya-aiio-  cf  aromatic  ami’-es  was  irvestigated. 

2.  .1  wis shown  that  the  ft  s»  two  s.'>s*2"'as  y.elr*  rroi-oiair»pe"  oi  th  ocyar.o  deiivatives  of  the  amines  by 
the  -  act  ons  o  s.-'l.r  ors  of  c-o.-r-t  ■  'os  a'd  hydrohal  de<  o  •hiocyanates  ?r  acetic  acid 

3  t  was  shew-  ira*  le-t  b.tyl  hvpoc.'lo  le  a'd  nyd-ope-ox  de  c«r  ->ot  be  used  ur*de’  these  conditions 
f?’ the  halnge-.t-c-  a'd  ir.’otyanatio-  of  »  oirat.c  amines 
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SYNTHESIS  OF  SUBSTITUTED  CYSTEINES 


I.  THE  POSSIBILITY  OF  VSIN’G  DIPHENYLGLYCOLIC  ALDEHYDE  AND  DIPHEKYLACET 
ALDEHYDE  FOR  THE  SYNTHESIS  OF  fl ,  6 -D IPH  EN  YLC  Y  STEINE 


T.  A.  F»vo:skay*  and  L.  A.  Remixova 
DimethylcysteLic.  o:  pet_:_lliirire.  !s  a  *-cce>-,ary  starting  product  for  ihe  synthesis  of  penicillin:  at  the 


iresent  time  there  is  an  entire  sc:  es  p:op?,ed  methods  for  its  preparation  [1,2,3,4,5,61. 


Attempts  to  syrthesine  analogs  o?  6  fl-dimeihylcysrcine  containing  phenyl  groups  iiutead  of  methyl  groups 
reef  unquestionable  interest  It  was  decided  to  use  diphenylglycolic  aldehyde  as  the  starting  product  for  the  syn- 
hesis  of  6,6-diphenylcysteine.  Glycolic  aldehyde  was  used  by  Fischer  and  Leuchs  [7]  for  the  synthesis  of  serine, 
f  amino- 5-hydroxypropionic  acid  by  StreeVer's  method  [3],  from  w’hicb  cysteine  was  obtained  by  Fischer  and 
taske  [9]  by  the  action  of  phosphorous  pentachloride  followed  by  treatment  of  the  compound  obtained  by 

In  view  of  the  inconvecierce  of  Si'erker's  method  which  uses  tie  action  of  ammonia  and  free  strong  - 
icids,  the  method  of  N.  D  21elinsky  a*>d  G  L  StadnJtov  [10]  was  used  for  the  synthesis  of  a-amino-B -hydroxy 
1, 6-diphenylpropionitrile.  who  ptepa-ed  a-aminophenylacetic  acid  by  the  action  of  KCN  and  NH4CI  on  benz- 
ildehyde  in  a  ligroin  solutio-  L*-  the  presence  of  0  5  ml  of  water.  The  authors  recommend  this  method  for 
»’orking  with  benzaldehyde  ’•'stead  of  the  usjal  one  reacting  aldehydes  with  a  mixture  of  KCN  and  NH^  in 
iqucous  alcoholic  solution  [11]  si-.cc  in  this  case  they  avoided  the  tarring  of  benzaldehyde  which  occuned  in 
in  aqueous  alcoholic  medium 

The  starting  cipher yl  glycoTc  aldehyde  was  jjrcpared  by  a  method  developed  by  S.  N.  Danilov  [12]. 
lenzaldehyde  was  reduced  in  an  -alcoholic  solution  by  zj>c  and  hy<lrochloric  acid  to  hydrobenzoin.  Hy'dro- 
»enzoin  was  converted  into  d’pherylacetaldehyde  by  heating  with  crystalline  oxalic  acid;  from  it  diphenyl 
jlycolic  aldehyde  was  obtained  by  brominaiion  af  d  subsequent  h  ydrolysis.  In  order  to  convert  this  aldehyde 
nio  o-amino-  6-hydroxy-6  6  d  phe'ylp  op‘or.?iTJe.  it  was  dissolved  in  ether  and  added  to  a  mixture  of  cqui- 
nolecular  quantities  of  KCN  a"d  n’H,C1  0  5  ml  of  water  was  added  to  the  reaction  mixture,  placed  in  a  bottle 
>'ith  a  ground-in  stopper.  The  *  :t*’.le  formed  was  -ot  isolated  io  the  free  form,  but  was  hydrolyzed  at  once  with 
hydrochloric  acid  by  hcat!*g  fo*  1-2  hnu*s.  A  muiure  of  acids  was  obuined.  One  of  these  was  found  to  be 
B. 6 -diphenyl pyruvic  acid,  the  other  d.pner.yUcci»c. 

The  formation  of  B  8-d-pherylpyuvic  aerd  was  explained  by  the  dehydration  of  6,B-diphcnylglyceric 
icid  obtained  on  the  hydtolysrs  of  the  .nitrile.  From  the  literature  tl3]  it  U  knovm  that  B.B-diphenylglyceric 
icid  dehydrates  readily  m  ac  die  med  ,m  wh  le  the  S.S-diphenylpyrjvic  acid  fornved  evolves  carbon  dioxde 
ipoi\  heating  and  is  transfo-nned  ir.to  d’phenylaceiif  acid. 

Authentic  B.6-diphcrylpyruvk  acid  4'd  its  2.4-dinitrophenylhydrazone  were  synthesized  [14,13J  A 
nixed  melting  point  determ Irat’o.'  w  th  the  hydrazone  obtained  above  gave  no  depression.  The  same  mixture  of 
acids  was  obtained  upon  the  hyd-^olys’s  of  the  nitrile  in.  an  alkaline  medium  with  a  25^  solution  of  potassium 
lydroxide  ;  in  addition  a  decomposit’o*  of  the  c.:t*ilc  molecule  with  the  formation  of  benzhydrol  occurred.  In 
>oih  experiments.  In  addition  10  the  above  prod.ctt  the  starting  diphenylglycolic  aldehyde  was  detected. 

The  results  of  the  hyd-olys-s.  ihe-efo-c.  showed  that  the  reaction  of  diphenylglycolic  aldehyde  with 
KCN  and  NH4CI.  under  the  above  co'dit  o's  did  not  lead  to  the  formation  of  the  aroinoh>-droxyrtitrUc.  but 
stopped  with  the  formaticr.  of  the  dihydroxy  tr  le  Subsequent  experiments  were  conducted  with  double 
:iuaniiiies  of  KCN  and  NH^Cl  Dipnenylglyceric  r.icile  was  isolated  from  the  reaction  ptoducU  in  a  yield 
of  60^  of  the  theoretical. 

Upon  the  hyd-olysis  of  the  r-irrle  ‘s.  acrdic  and  alkaline  media,  the  same  products  as  in  the  fust  exper¬ 
iments  were  obtained.  Therefo-e.  unde-  these  conditrons.  in  spite  of  the  great  concentration  of  ammonia,  the 
amino  group  could  not  be  Lnfoduced  mo  the  hydroxyr.itrile  molecule. 

Then  it  was  decided  to  try  a-d  app-oach  the  synthesis  of  fl.B-diphenylcysteine  in  another  manner;  by 
the  actior  of  KCN  and  NH4CI  or  dip^e^ylacetaldehyde  to  obtain  the  otaminoniuile  of  B.B-diphenyl  propionic 
acid,  to  convert  it  to  the  am-nc  acid  to  s'jbsfi'.te  the  hydrogen  on  its  CH  group  by  a  bromine,  and  then  by  a 


mercaptan  aroup. 

Diphenylacetaldehyde  was  ueated  with  KCN  and  NH4CI  under  the  same  condUions  as  for  diphenylglycollc 
aldehyde.  The  reaction  product  was  vacuum  distilled,  and  more  than  half  of  the  diphenylacetaldehyde  used  in 
the  reaction  distilled  off:  the  undistilled  part  crystallized,  but  a  substance  with  a  dtarp  melting  point  could  not 
be  isolated  from  it  even  after  many  recrystallization  from  alcohoL  Analysis  of  the  product  obtained  showed  that 
it  was  about  60-7s?/  fi.fi-diphenyllactonitrile.  Upon  hj-drolysis  with  2 O'J  hydrochloric  acid,  only  diphenylacct- 
aldehyde  and  an  insignificant  amount  of  a  neutral  substance  with  m.p.  192*,  which  was  not  :.**.vestigated  further, 
were  obtained. 

It  is  known  D5]  that  a-hydroxyacids  can  be  cleaved  into  aldehydes  and  formic  acid  on  being  heated  with 
dilute  mineral  acids.  The  formation  of  diphenylacetaldehyde  as  a  result  of  the  hydrolysis  of  the  nitrile  obtained 
shows  that  this  nitrile  is  a-hydrox>  -6,6  diphenylpropionitrile ;  therefore,  in  this  case  also,  the  substitution  of  the 
amino  group  for  the  hydroxyl  did  not  occur  with  the  hydroxynitrile  formed, 

(CjHsljCH— (CjHjljCli— CHOtt— CN  (C,Hs),CH--CHOH^CX)H  ► 

(CeHjljCH— ♦  HCOOH. 

The  results  of  the  experiments  conducted  showed  the  instability  of  the  molecules  being  studied,  which 
contained  two  phenyl  groups  and  a  hydroxyl  group  on  one  and  the  same  carbon  atom.  The  instability  of  thii^ 
type  of  compound  was  also  observed  during  a  study  of  the  reaction  of  methylphenyl-  and  diphenylallyl  carbinols 
with  dilute  sulfuric  acid  with  heating.  Under  these  conditions,  methylphenylallylcarbinpl  gave  27^  of  aceto¬ 
phenone,  and  diphenylallylcarbinol  decomposed  with  the  formation  of  705>  of  benzophenone  [16], 


Not  obtaining  satisfactory  results  using  the  above  method  of  N.  D.  Zelinsky  and  G.  L  Stadnikov,  it  was 
decided  to  return  to  another  modification  of  their  mediod  [11].  to  a  ueatment  of  an  ether  solution  of  the  alde- 
h>‘de  with  an  aqueous  solution  of  KCN  and  NH4CI.  Diphenylacetaldehyde  was  first  used  for  reaction.  At  the  end 
of  the  reaction,  the  ether  solution  was  separated  from  the  aqueous  solution,  and  on  cooling,  a  stream  of  dry  hydrogen 
chloride  was  passed  through  it:  a  rapid  precipitation  of  the  hydrochloride  of  a-amino-6,0-diphenylpropionic  acid 
occurred.  From  the  hydrogen  chloride  saturated  ether  solution,  after  the  removal  of  the  salt,  a  substance  was  sep¬ 
arated  which  was  found  to  be  £  £-diphenyllactamide.  • 

Therefore,  in  the  aqueous  thereal  solution  the  reaction  proceeded  in  two  directions,  to  the  formation  of  the  . 
aminonitrile  (yield  6-8jt)  and  to  the  formation  of  the  hydroxynitrile  (lO-lSjk  ): 


(CjHsljClF— CHO  (C.HsljCH— CHNH,' 

|hci 

(C6H5),CH— CH — CN 
NH,  •  HQ 


N  ♦  (C,H4),C»— CHOH— CN 


iHa 

♦  ^ 

(C,H,),CH--CHOH— 


O 

NH| 


The  hydrochloride  of  the  aminonitrile  was  subjected  to  h^-drolysis  in  acidic  and  basic  media.  Heating  it  ' 
with  a  2'!^  solution  of  h>’drochloric  acid  led  to  urring. 


R.  Fittig's  method  [17],  hydrolysis  with  a  mixture  of  ether  and  concentrated  hydrochloric  acid  in  the  cold, 
which  was  used  by  him  for  nitriles  of  unsaturated  hydroxy  acids,  did  not  lead  to  satisfactory  results.  As  a  result 
of  the  hydrolysis  of  the  hydrochloride  with  a  25^solution  of  potassium  hydroxide,  a  liquid  with  art  unpleasant 
odor  reminiscent  of  Isoniiriles  was  obtained:  the  substance  gave  oeuual  reaction,  and  a  silver  mirror  by  the  action 
of  an  ammonial  silver  oxide  solution.  A  2,4-dinitrophenylhydrazone  was  obtained  from  it.  which  was  identical 
with  that  obtained  from  authentic  diphenylaceuldehyde.  The  subsunce  with  the  unpleasant  odor  was  present  as 
a  very  insignificant  impurity,  since  after  the  preparation  of  the  2.4  dinitrophenylhydrazone,  tne  odor  almost  completely 
vanidied.  The  formaticn  of  diphenylacetaldehyde.  upon  the  alkaline  hydrolysis  of  the  hydrochloride  of  the  aminonlirUe. 
can  be  explained  by  the  cleavage  of  the  elements  of  HCN  from  the  molecule  of  the  hydroxynitrile,  arising  from  the 
substitution  of  the  amino  by  a  hydroxyl: 

KOH 

(CsHjljCIl  CH— CN  »  (C,H,),CH — CHOH—CN  - ^  HCN  ♦  (CjHtlgCH— C 

NH..Ha  " 
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A*  It  was  stated  above,  in  addition  to  the  hydrochloride  of  the  aminonitrile.  6.5'^ipbenyllactamide  was 
isolated  from  ‘he  products  of  the  reaction  between  diphenylacetaldehyde  and  KCN  and  in  aqueous  ether 

Solution.  The  amide  was  converted  into  the  free  S.S'diphenyilaciic  acid  (yield  30-'0^).  For  a  mixed  melting 
point  determination,  authentic  6,6-diphenyllactic  acid  was  synthesized  by  Weise’s  method  (18).  Weise  hyoro- 
lyzed  the  nitrile  formed  by  the  action  of  dilute  hydrochloric  acid  upon  hea’^g,  and  obtained  a  mixture  of  sub 
stances.  The  hydrolysis  of  the  nitrile  was  effected  by  the  authors  by  the  action  of  concentrated  hydrochloric  acid 
in  ether  in  the  cold.  . 

By  the  reaction  of  an  ether  solution  of  diphenyl  glycolic  aldehyde  with  an  aqueous  solution  of  KCN  and  NH4CI. 
the  a  amino*6  hydroxyniirile  of  6,6  diphenylpropicnic  acid  was  isolated  in  the  form  of  the  hydrochloride,  the 
hydrolysis  of  which  was  not  studied  in  view  of  the  small  yield. 

EXPERIMENTAL 

Preparation  of  Diphenylclycolic  Aldehyde 

Diphcnylglycolic  aldehyde  was  prepared  by  S.  N.  Danilov's  [12)  method  from  bromodiphenylacetaldehydc. 

An  oil  and  a  crystalline  product  with  m.p.  162*  u  re  obtained.  Both  substances  gave  the  same  seroicarbazone  with 
m.p.  241 -2  ;2*  (from  alcohol).  The  oil  gave  tie  semicarbazone  readily,  upon  shaking  with  a  solution  of  seml- 
carbazide;  the  crystalline  product  reaced  with  this  solution  only  upon  heating  for2  hours  on  the  water  bath.  ITic 
liquid  aldehyde  was  distilled  at  various  pressures:  at  8  mm  the  aldehyde  did  not  distill,  at  !  ro.m  it  distilled  but 
[he  temperature  was  not  coiistant,  since  the  dls'.illation  was  accompanied  by  the  deco.Tpjsition  of  the  product. 

Diphenyl  glycolic  aldehyde  boiled  at  142-1*3*  on  distillation  in  a  high  vacuum.  Yield  65.5^  based  on  the  diphenyl- 
acetaldehyde.  After  distillation,  the  substance  crystallized  at  once,  m.p.52*53*.  Upon  shaking  with  a  solution  of 
jemicarbazlde,  it  gave  a  semicarbazone  with  a  m.p.  211-242*  at  once.  A  mixed  melting  point  determination  with 
[he  previously  obtained  semicarbazone  did  not  give  a  depression.  Thedistilled  aldehyde  was  readily  soluble  in 
aenzene,  ether,  alcohol,  chloroform,  while  the  substance  wiih  m.p..  162*  dissolved  in  these  $ol\-ents  only  upon  heating. 

0.0797  g  substance:  0.2315  g  CO^:  0  0395  g  H,0.  0.0829  g  substance:  20.76  g  benzene :At  0.095*. 

0.0709  g  substance:  6  5  ml  CH4  (22*,  760  inm).  Found  *51):  C  79.21:  H  5.54.  M  210.5:  number  of  active 

hydrogens:  C^HnO,.  Calculated  C  79.22;  H  5.CG;  M  212;  number  of  active  hyero-ens  1. 

Therefore,  according  to  iItc  analytical  rc$-.i’?s.  ihc  substance  with  m.p.  e2-53*  is  the  mono.neric  form  of 
I Iphcnyl glycolic  aldehyde,  obtained  previously,  while  the  substance  wi.h  m.p.  162*  is  the  product  of  its  polymer- 

zation  (12). 

Preparation  of  a -Amino- .*i-hydroxy-5. 5-diphenyl  propionic  Acid  by  N.D.  Zelinsky's  Method  [10], 

13  g  of  dijihenylglycolic  aldehyde  was  dissolved  in  ICO  ml  of  absolute  ether.  4.5  g  of  powdered  KCN,  3.  •  g 
>f  NH4CI,  and  0.5  ml  of  water  were  added  to  the  ether  solution  placed  in  a  bottle  with  a  grountkin  stopper.  Such 
I  quantity  of  water, according  to  the  author,  is  completely  sufficient  since  it  acts  as  a  catalyst.  The  reaction 
nixtuic  was  allowed  to  stand  at  room  lemperaiure  for  5-6  days,  while  the  bottle  was  shaken  from  time  to  time. 

1-2  hours  after  the  start  of  the  reaction,  the  separation  of  a  white  precipitate  began,  which  gradually  filled  the 
vhole  bottle,  and  the  evolution  of  ammonia  occurred  simultaneously.  When  the  amount  of  the  precipitate 
topped  increasing,  the  reaction  was  stopped,  although  the  formation  of  a  silver  mirror  showed  that  all  of  the 
[Idehyde  had  not  reacted.  The  reaction  product  was  extracted  with  absolute  ether.  Part  of  the  solution  was 
ised  for  the  preparation  of  the  hydrochloride.  A  stream  of  dry  hydrogen  chloride  was  passed  hrough  the  cooled 
■  iher  solution  for  3  hours:  however  no  hidrochloride  precipitated  .which  indicated  that  an  amino  group  was 
ibsent  from  the  reaction  product.  The  ether  was  removed  from  the  rest  of  the  ether  solution:  13.5  g  of  a  thick 
rellow  oil  was  obtained  as  a  residue;  it  gave  a  positive  qualitative  reaction  for  nitrogen,  a  silver  mirror  by  the 
tetion  of  an  ammoniacal  silver  oxide  solution,  and  a  semicarbazone  identical  to  that  of  diphenylacetaldehyde. 
rhe  nitrile  obtined  was  not  isolated  in  the  free  form,  but  was  hydrolyzed  at  once  by  boiling  with  50  ml  of 
!0^  hydrochloric  acid  for  1  hour.  A  crystalline  substance  with  m.p.  108-114*  came  out  from  the  cooled  solution, 
vhich  did  not  give  a  qualitative  reaction  for  niuogen. 

After  several  recrystallizations  from  aqueous  alcohol,  the  melting  point  increased  to  142-144  .  TTte 
ubstance  gave  an  acid  reaction,  sublimed,  the  sublimate  melted  at  145-146*  and  did  not  give  a  depression  in 
'citing  point  when  mixed  with  authentic diphenylacc tic  acid. 


O.lOTSgsubsunce:  5.95  ml  NaOH  (T  C.OO'-279).  0.1323  g  substance;  0.0  *36  g  Ag  Foun^  E  224  3; 

Ag  32.92.  {C^)jCHCCX)Ag.  Calcula  ed  <a;  Ag  33.85.  (C*H|)|CHCOCOOAg.  cu  ite  .  g 

CmHoO^.  Calculated  E  212.  CuHbP|.  Calculated  £2^.0. 

Therefore,  the  substance  obuined  vas  a  roucture  of  diphen>iaceiic  and  dlpirenylpyruvlc  acids. 
ucatment  of  this  mixture  with  a  solution  of  2.4-diRitrophenylh>’dra2me.  the  2.4-dinUrophenylhydrarone  of  di- 
phenylpyruvic  acid  with  m.p.  202’203*  was  obtained. 

C.0505  g  substance:  5.9  ml  N*  (19.5*;  756  mm).  Found  N  13.26.  C,jHj|QtN4,  Calculated ‘Ji:  N  13.33. 

To  obtain  the  pure  silver  salt  of  diphenylacetic  acid,  the  mixture  of  acids  was  dissolved  in  dilute  aromooU 
by  heating  oh  the  water  bath,  the  excess  of  ammonia  was  removed,  and  a  solution  of  AgNQi  added  to  the  cooled 
filtered  solution.  The  jweeipitate  salt  was  washed  and  dried  In  a  desiccator. 

0.12-10  g  substance:  0.0420  g  Ag.  Found ‘Jc:  Ag  33.87.  Ci4KuC^Ag.  Calculated^:  Ag  33.85. 

Therefore,  upon  heating  in  an  ammonia  solution  on  the  water  bath,  diphenyl  pyruvic  acid  was  conjjdetely 
uansformed  into  diphenylacetic  acid. 

The  hydrolysis  of  the  nitrile  was  also  effected  in  an  alkaline  medium.  10  g  of  the  nitrile  in  50  ml  of  a 
25^  KOH  solution  (30  ml  of  water  and  20  ml  of  alcohol)  was  heated  on  the  water  bath  for  a  ’half  hour.  The  pre- 
cipiuted  oily  layer  was  dissolved  in  ether  and  dried  with  fused  Na|S04.  The  liquid  obtained  on  the  rcmwal  of  the 
ether,  crystallized  partly.  The  crystals  gave  neutral  reaction,  the  test  for  nitrogen  was  negative;  melting  point 
(from  petroleum  ether)  65-66*.  A  mixed  melting  point  with  authentic  benzhydrol  gave  no  depression.  1  g  of 
pure  benzhydrol  was  obtained.  The  liquid  remaining  after  the  removal  of  the  benzhydrol,  gave  a  leralcarbazone 
with  m.p.  238-239*  which  did  not  give  a  depression  in  melting  point  upon  mixing  with  the  ssmlcarbazone  of 
authentic  dephenylglycolic  aldehyde. 

A  small  a.mount  of  an  acid  with  m.p.  112-114*  was  obtained  from  the  aqueous  solution  from  the  hydrolysis 
after  acidification  with  sulfuric  acid,  which  did  not  give  a  depression  In  melting  point  upon  mixing  with  the  scml- 
carbazone  of  authentic  diphenyl  pyruvic  acid. 

The  attempt  to  synthesize  tt-amino-fi-lAydroxy-6,fi-dIphenylpropionlc  acid  was  repeated  once  more,  where¬ 
in  a  double  quanilty  of  KCN  and  NH4CI  was  used  for  the  reaction:  for  16.5  g  of  the  aldehyde,  10  g  of  KCN  and  9.2  g 
of  NH4CI;  the  rest  of  the  conditions  remained  the  same.  After  end  of  the  reaction  and  the  removal  of  the  solvent, 
the  substance  obtained  crystallized  rapidly;  after  removal  of  the  crystals,  anoUy  liquid  remained;  no  hydrochloride 
was  obtained  upon  passing  hydrogen  chloride  through  its  ether  solution.  The  crystalline  substance  was  recrystallized 
from  aqueous  alcohol  or  carbon  tetrachloride;  m.p.  97-98*.  Weight  of  the  pure  product,  11.7  g  or  62.8^  based  on  the 
nitrile  of  B  ,  8"diphcnylglyceric  acid. 

0.0913  g  substance:  4.8  ml  (21*,  75S  mm).  0.0C20  c  substance;  16. *^2  g  benzene:  0.C8*.  0.05'2  s 

substance:  10.9  ml  CH4(1S.5*,  761  mm).  Found  ^c:  N  5. £4;  M  238,  number  of  active  hydrogens  1.98. 

Calculated  °}y.  N  5.85,  M  2l.»,  number  of  active  hydrogens,  2. 

of  6.g-di;?henylg!yceric  acid  nitrile  was  effected  in  acidic  and  alkaline  media  under  various 
conditioris  in  order  to  try  to  obtain  diphenylglycetic  acid. 

1)  2  g  of  the  nitrile.  100  ml  of  20^  hydrochloric  acid  wae  heated  to  boiling  for  1  hour.  1.3  g  of  diphenyl¬ 
acetic  acid  with  m.p.  145-146*  was  obtained:  70^  of  theoretical. 

2)  1  g  of  the  nitrile,  100  ml  of  20*^  hydrochloric  acid  were  heated  on  the  water  bath  for  1  hour.  0.8  g  of 
the  nitrile  was  recoveted  unchanged:  in  addition,  a  substance  with  m.p.  110-141*  was  isolated,  which  gave  a  2,4- 
dinitrophenylhir-drazone  with  m.p.  202-203*;  a  mixed  m.p.  determination  with  0,0-diphenylpyruvic  acid  2,4-dlnitro- 
phenylhydrazone  did  not  give  a  depression. 

3)  2  g  of  the  nitrile,  100  ml  of  20*^  hydrochloric  acid  were  heated  on  the  water  bath  for  2  hours.  1.4  g  of  ’ 

diphenylacetic  acid  with  m.p.  145-146*  and  0.1  g  of  a  substance  with  m.p.  115-131*.  a  mixture  of  diphenylacetic 
and  diphenylpyruvic  acids,  was  obuined.  ' 

4)  1  g  of  the  nitrile  of  diphenylglyceric  acid.  100  ml  of  20^  hydrochloric  acldwoe  stirred  for  4  days  at 
room  temperature.  The  substance  was  recovered  unchanged. 

5)  1  g  of  the  nitrile.  50  ml  of  a  25^ KOH  solution  were  heated  on  the  water  bath  for  a  half  hour.  0.5  g  of 
benzhydrol  with  m.p.  66-67*  and  0.05  g  of  the  pyruvic  acid  with  m.p.  113-115*  was  obtained. 


In  order  to  compare  the  diphenyl  pyruvic  acid  obtained  with  an  authentic  tarople,  a  synthesis  of  this  acid 
was  undertaken  [13. 19X 


50  g  of  diphenylacetaldeh)'de  was  dissolved  in  100  ml  of  ether.  The  solution  was  placed  in  a  bottle 
with  a  grtxind'in  stopper,  and  25  g  of  KCN,  20.5  g  of  Kl-^^  (1.5  moles),  and  0.5  ml  cf  water  was  added  to  It. 

The  bottle  vrith  reaction  mixture  was  allowed  to  stand  for  two  week:  it  was  shaken  from  time  to  time.  After 
two  weeks  the  solution,  giving  a  positive  reaction  for  the  aldehy'de  group,  was  separated  from  a  residue  which 
was  extracted  with  ether,  and  both  solut tons  dried  with  Ka{S04.  The  aminonitrile  was  not  obtained,  since  on 
passing  HCl  through  part  of  the  ether  solution  obtaiiied,  a  precipitate  of  the  hydrochloride  did  not  form.  The 
oil  remaining  after  the  removal  of  the  ether,  was  vacuum  distilled:  27  g  of  a  substance  with  b.p.  155*  at  7  ram 
was  isolated,  which  was  found  to  be  diphenylacctaldehyde.  Its  semicarbazone  with  ra.p.’  157-158*  did  not  give 
a  depression  in  melting  point  on  being  nixed  with  authentic  diphenylacetaldehyde  semicarbazone.  The  thick  , 
mass  remaining  after  the  distillation  of  the  aldehyde,  solidified  on  cooling  and  formed  a  crystalline  substance 
after  the  addition  of  ether,  which  contained  nitrogen.  The  substance  was  recrystallized  several  times  from  al¬ 
cohol,  but  a  sharp  melting  point  could  not  be  obtained:  m.p.  114-120*  which  showed  that  the  substance  was 
a  mixture.  Quantity  9g.  The  unje  was  shown  by  the  results  of  the  determination  of  the  percent  nitrogen, 
molecular  weight,  and  number  of  hydro^l  groups. 

0.0831  g  substance:  2.8  ml  K,  (1  6*.  772  mm).  0.1629  g  substance:  20.19  g benzene :At  0.13*. 

0.0523  g  substance:  2.5  ml  CH^  (16.5*.  751  mm).  Found*?):  N  4.01.  M  318.4:  number  of  hydroxyl  groups 

0.43-17.  Ci5Hj30N.  Calculated  N  C.27.  M223:  number  of  hydroxy  groups  1. 

The  substance  obtained  was  hydrolyzed  in  an  acidic  medium:  2  g  of  the  substance  with  m.p.  114-120*, 

100  ml  of  hydrochloric  acid  were  heated  to  boiling  for  1  hour  with  stirring  The  reaction  products  were  extracted 
with  ether,  and  the  extract  dried  with  Na|S04,  After  the  removal  of  the  ether,  the  residue  was  vacuum  distilled: 

1.2  gof  a  substance  with  b.p.  149*  at  4  mm  was  obtained,  which  gave  a  semicarbazone  with  m.p.  155-156*  the 
mixed  melting  pomt  of  which,  with  diphenylacctaldehyde  semicarbazone.  gave  no  depression.  TTie  residuexry- 
stallized  after  the  distillation:  the  crystals  were  pressed  on  a  porous  plate:  m.p.  lPJ-192*:  it  did  not  contain 
nitrogen,  nor  give  a  reaction  for  the  aldehyde  group  In  view  of  the  small  amount  of  the  substance,  it  was  iwt 
investigated  further:  it  is  possible  that  this  substance  was  the  impurity  which  was  present  in  the  above  obtained 
a  -hydroxy-fl^Wiphenylptopionitrile  Therefore,  as  the  result  of  the  hydrolysis  of  this  nitrile,  diphenylacetaldehyde 
was  obtained. 

Preparation  of  tt-Amlr.o-g, B-diphenylpropionitrile  in  Acueous  Ether  Medium.  . 

A  solution  of  23  g  of  diphenylaceuldehyde  in  50  ml  of  ether  and  a  solution  of  8  g  of  NH4PI  in  20  ml 
of  water  were  placed  into  a  bottle  with  a  ground  in  stopper.  The  bottle  was  placed  in  an  ice  bath,  and  a  solution 
of  9  g  of  KCN  in  25  ml  of  water  was  added  dropwise  toit:  the  bottle  was  then  hghay  stoppered,  and  the  contents 
shaken  on  a  shaker  for  4  hours.  The  ether  layer  was  separated,  the  aqueous  solution  extracted  with  ether,  and  the 
extracts  dried  witbr  NatS04.  In  the  remaining  aqueous  solution,  nothing  was  found  besides  the  inorganic  substances. 

A  stream  of  hydrogen  chloride  was  passed  through  an  ice  cooled  ether  solution.  After  10-15  minutes,  a  white  cry¬ 
stalline  residue  of  the  hydrochloride  precipitated  The  residue  was  filtered  and  washed  with  ether:  m.p.  202-203*. 
Weight  2  g  which  corresponded  to  6  6*5«of  theory  After  the  separation  of  the  hydrochloride  from  the  ether  solution 
saturated  with  hydrogen  chloride,  on  standing  a  white  crystalline  substance,  with  m.p.  158-159*  after  recrystallization 
from  water,  came  out.  The  substance  did  not  contain  halogen,  gave  a  positive  reaction  for  nitrogen,  and  a  neutral 
reaction  to  litmus. 

0.0882  g  substance:  4.5  ml  N,  (18.5*.  758  mm).  0.0819  g  substance  :  17.5  ml  CH4  (17*.  742  mm).  Founder 

N  5. 82  ;  number  of  active  hydrogens  2,07.  CjjHuQi.  Calculated  ^  :  N  5.80:  the  number  cf  active  hydro¬ 
gen  is  3  if  ft  is  considered  that  both  nitrogens  on  NH|  group  reacted  with  the  CHjMgl:  in  the  given  case  only 

one  hyxlrogen  of  this  group  reacted. 

An  attempt  was  made  to  determine  the  neutral  equivalent  of  this  substance,  but  it  could  not  be  titrated  in 
an  alcoholic  or  an  acetone  solution.  In  order  to  effect  a  back  titration,  the  substance  was  heated  with  an  excess  of 
0.1  N  alkali  solution  for  30  minutes  After  the  titration  of  the  solution  obtained  with  hydrochloric  acid,  a  substance 
giving  an  acidic  reaction  was  separated  from  the  cooled  solution,  which  melted  at  146-150*.  A  mixed  sample  with  the 
staning  subsunce.  with  m.p.  158-159*,  melted  at  133-135*.  On  the  basis  of  the  results  obtained,  it  could  be  considered 
that  the  substance  obuined,  with  m  p  158-159*  is  6.6-diphenyllactamide;  even  upon  heating  with  a  0.1  N  solution  of 
the  alkali  for  30  mintues,  it  partly  was  hydrd^zedto  8  6-d:phenylIaciic  acid. 


A  second  expermient  was  undertaken  in  order  to  obtain  free  diphenyllactlc  acid.  In  order  to  decrease  the  amount 
of  unreacted  diphenylaceialdehj'de,  the  bottle  with  the  ground-in  stopper  into-  which  were  placed,  upon  cooling,  a 
solution  of  20  g  of  NH^Cl,  Ln  35  ml  of  water.  65  g  of  diphcnylacetaldehyde  in  50  ml  of  ether,  and  22  g  ot  KCN  in  • 

SO  ml  of  water,  was  shaken  for  14  hours  on  the  shaker:  the  ether  layer  was  then  separated,  arid  combjned  with  the 
extracts  of  ilie  water  layer.  Upon  passing  hydrogen  chloride  through  the  dried  and  cooled  ether  solutiop,  8.5  g  of 
a  hydrochloride  p  IOC;)  came  out.  After  its  removal,  a  quantity  of  concentrated  hydrochloric  acid  sufficient  to 
pioduce  a  homogenous  solution  was  added  to  the  ether  solution.  The  solution  obtained  was  allowed  to  stand  at 
room  tempetature  for  7  days,  and  dien  water  was  added  to  it  until  two  layers  formed.  The  ether  layer  was  separ¬ 
ated,  washed,  and  drieu  with  Ka,S04.  After  the  removal  of  the  ether,  a  dark  thick  oil  remained,  which  did  not 
crystallize.  It  was  boiled  with  water,  and  a  white  crystalline  substance  with  m.p.  136-140  came  from  the  water, 
which  gave  an  acid  reaction  and  contained,  as  shown  by  analysis,  a  nitrogen* containing  substance  as  an  inpttrity 
(Ca  N  1  45).  Diphenyllactlc  acid  was  isolated  in  pure  form  by  going  through  the  ammonium  salt:  1  g  of  the 
substance  with  m  p.  136-140*  was  heated  with  an  excess  of  a  6^  ammonia  solution  on  the  water  bath  until  the 
disappearance  of  the  odor  of  ammonia.  A  white  crystalline  substance,  in  the  form  of  starlike  crystals  character¬ 
istic  for  diphenyllactamide  with  m  p.  158-159*,  formed  in  the  cooled  solution:  a  mixed  melting  point  with  au¬ 
thentic  diphenyllactamide  gave  no  depression.  Wei^t  of  the  amide,  0.17  g.  The  filtrate,  after  the  removal 
of  the  amide,  was  acidified  with  hydrochloric  acid  to  a  weakly  acidic  reaction:  needle-like  crystals  of  di- 
phenyllactic  acid  with  m  p  158-159*  (from  water)  formed  in  the  solution  obtained  on  standing.  A  mixed 
sample  with  the  amide  with  m.p.  158-159*,  melted  at  132-134*.  Its  silver  salt  was  obtained  by  the  action 
of  AgNO,  0“  the  solution  of  ammonium  diphenyllactate. 

0.1009  g  substance:  0.0309  g  Ag:  0.0744  g  substance:  3  3  ml  NaOH  (T  0.003279).  Found  Ag 
''CC2.  E2-'2  C^jHijOjAg.  Calculated  Ag.^O.^jiCjiHuOj:  E  242. 

Upon  the  hydrolysis  of  the  nitrile,  authentic  s>'nthesi2ed  diphenyllactic  acid  [18]  (m.p.  158-159^  did 
not  give  a  depression  in  melting  point  with  the  acid  obtained. 

Investigation  of  the  Hydrochloride  ofg-Amino-6,S-dlphenylpropionitrile 

C  22  3  g  substance:  0.0244  g  N*  (according  to  Kjeldahl).  0.0726  g  substance:  2.95  ml  NaOH  (T  0.003279). 

0.0573  g  substance;  15.2  ml  CH4  (16*.  761.7  mm).  Found^^t :  N  10.83:  E  2.64:  number  of  active  hydrogens  ‘ 

3.12.  C^H^^NjCl  Calculated ‘Jfc  ;  N  10.83;  E  258.5:  number  of  active  hydrogens  3. 

Hyd  oly£i<  of  the  Hydrochloride  of  g-Amino-6.6-dipiienylpropionitrile 

a)  Upon  heating  the  hydrochloride  with  20‘7ahydrochloric  acid  for  1  hour  to  boiling,  in  audition  lo'the 
tarring  pioducts,  nothing  was  obtained. 

b)  1  g  of  the  salt  was  dissolved  in  a  mixture  of  30  ml  of  ether  and  50  ml  of  concentrated  hydrochloric 
acid.  The  solution  obtained  was  heated  for  1  hour  and  30  minutes  on  the,  water  bath.  In  this  case  tarring  also 
occurred. 


c)  1  g  of  the  salt  was  dissolved  in  a  mixture  of  30  ml  of  ether  and  50  ml  of  concentrated  hydrochloric 
acui.  The  solution  obtained  was  allowed  to  stand  for  10  days  at  room  temperature,  and  then  was  evaporated  on 
the  wate-  bath  The  residual  subsunce.  washed  with  absolute  ether,  melted  at  202-203*,  and  did  not  give  a 
deo.-ess.o'-  in  melting  pomt  on  being  mixed  with  the  starting  salt.  0.75  g  of  the  salt  was  recovered. 

;  1  g  of  the  hydrochlo'ide  was  heated  on  the  water  bath  for  2  hours  with  50  ml  of  a  2?7o  solution  of 
KOH  A 'ter  cooling  an  oil  with  an  unpleasant  odor  floated  on  the  surface  of  the  solution;  it  was  extracted  with 
ether,  aiid  'ne  oxf^art  obtained  dried  with  Na|S04.  After  the  removal  of  the  ether,  0.8  g  of  a  liquid  with  an  un- 
plCf  s.,n'  (Xio-  givrg  »  neutral  reaction,  and  forming  a  silver  mirror  by  the  action  of  an  ammoniacal  silver 
ox.de  iilufo-  emained  With  2.4-dinitrophenylhydrazine.  the  subsunce  obtained  gave  a  2.4-dinitrophenylhydra- 
zo-e  v,-Th  .n  p  143  1  44*  which  did  not  give  a  depression  in  mixed  melting  point  determiiution  with  autiientlc 
dipneryiaietaidehyde  2,4-dinitiophenylhydrazone. 

Preparation  ofc^Amino-a-hydtoxy-6,B-diphenylpropionltrile  in  Aqueous  Ether  Medium 

A  solution  of  12  g  of  .NH4CI  in  20  ml  of  water  was  added  to  42  g  of  diphenylglycolic  aldehyde  dissolved  in 
80  ml  of  eihe'  and  placed  in  a  bottle  with  a  grouixl  in  stopper:  the  bottle  was  then  placed  in  an  ice  bath,  and 
14  g  of  KCN  in  25  ml  of  water  was  added  slowly.  drq?wise  to  it.  The  bottle  was  stoppered  and  shaken  for  4  hours 
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on  a  shaker.  At  tlie  end  of  tlie  reacUop,  fite  ether  solution  was  separated  and  dried  with  NajSQj, 

A  small  amount  (C.IG  s)  of  benzoic  acid  was  isolated  from  the  remaining 
aqueous  solufion.  Upon  passing  hydrogen  chloride  through  :he  ether  solution  obtained,  2  g  of  a  crystalline  substance 
{4‘>3).  readily  soluble  in  alcohol,  acetone,  ethyl  acetate,  and  water,  came  out.  It  did  not  dissolve  with  heating  in 
chloroform  or  carbon  tetrachloride.  Washed  widi  ether,  it  melted  at  21I-212';  a  mixed  sample  with  cramino-6,  6- 
diphenyl propionic  acid  hydrochloride  with  ra  p.  202-203*  melted  at  188-189*. 

0.1269  g  subsunce;  0  1295  g  N,  (Kjeldahl).  0  lllO  g  substance;  3.56  ml  KaOH  (T  0.00327  9).  0.0572 
g  substance:  15.1  ml  CH^  (16*  761.7  mm)  Found  ‘Jo;  N  10.12.  E  311;  number  of  active  hydrogen  atoms  3.01. 
^15*^15®^^^  Calculated  N  10.20;  E  274.5:  number  of  active  hydrogen  atoms  4  (counting  both  hydrogen  atoms 
of  the  primary  amino  group). 

In  the  second  experiment  on  the  syr.thesis  of  (*-amino-6-hydroxyfl.6-diphenylpropionitrile  conducted  under 
the  same  conditions,  a  substance  with  m  p,  58-65*.  a  mixture  ofo-amino-&-hydroxy-6  , 6 -diphenyl jwopionitrile  and 
diphcnylglyceric  nitrile  was  obumed  A  stream  of  hydrogen  chloride  was  passed  though  pan  of  the  ether  solution 
obtained  during  the  reaction,  arid  the  hydrochloride  of  o^amlno-6-hydroxy-6.6•diphenylp^opionitrile  with  m.p.  211- 
213*  was  obtained.  The  rest  of  the  ether  solution  was  cooled  to  0*  and  concentrated  hydrochloric  acid  was  added 
slowly  to  it  to  produce  a  homogenecu  solution  After  standing  for  four  days,  cold  water  was  added  until  complete 
separation  of  the  layers:  the  ether  layer  was  removed,  and  dried  with  NajS04  After  the  lemoval  of  the  ether,  a 
yellow  non-crystallizing  oil  remained  Pan  of  it  was  heated  with  water,  from  which,  on  cooling,  the  staning 
substarKe  with  m  p  58  63*  precipitated  Anniher  pan  of  the  oil  was  heated  on  the  water  bath  with 

6^  ammonia  solution  until  ihe  complete  disappearance  of  the  ammonia  odor.  Upon  the  acidification  of  the 
filtered  soltuion  with  hydrochloric  acid,  a  small  amount  of  a  residue  with  m.p.  143-144*  precipitated:  after 
sublimation,  it  melted  at  144  145*  and  did  not  give  a  depression  with  authentic  diphenylacetic  acid.  The  form¬ 
ation  of  the  hydrochloride  with  m  p  211-213*  showed  that  the  substance  with  m.p.  58-63*  contained  ce-amino-6- 
h>’droxy-fl,6-diphenylptopion:trile.  and  the  obtaining  of  diphenylacetic  acid  upon  the  hydrolysis  of  this  substance, 
that  it  contained  diphenyl  glyceric  nitrile  The  amount  of  the  substance  with  m.p  5o-63*  was  small,  5  g,  and  could 
not  be  recrystallized 

SUMMARY 

1.  Under  the  condiiions  studied,  a  amino  fi-hydroxy-B.fl-diphenylpropionitrile  and  o-amino-6.fl- 
diphenylpiopionitrile  could  no.  be  obtained  in  good  yields  because  of  the  difficulty  of  introducing  an  amino- 
group  in  the  molecules  of  these  nitrile  and  because  of  the  instability  of  the  compounds  formed. 

2  It  was  shown  that  diphenylglyceric  nitrile  was  obtained  when  an  attempt  was  made  to  synthesize 
a-amino-  fi-  hydroxy  fl.fl-diphenylpropionitrile  from  diphenylglycolic  aldehyde  by  the  method  of  N.  D,  Zelinsky 
and  C.  L  Stadnikov  in  ether  solution  in  the  presence  of  0  5  ml  of  water. 

3.  Upon  the  hydrolysis  of  diphenylglyceric  mirilc  in  acidic  medium,  the  diphenylglyceric  acid 
formed  dehydrated  to  form  diphenylpj'ruvic  acid  which  is  transformed  on  heating  into  diphenylacetic  acid, 

4  Upon  the  hydrolysis  of  diphenylglyceric  niirile  in  alkaline  medium,  in  addition  to  diphenyl- 
pyruvic  acid  and  diphenylacetic  acid,  the  formation  of  benzhydrol  occurred 

5.  The  reaction  of  diphenylacetaldehyJe  with  KCN  and  NH4CI  in  ether  solution  in  the  presence  of 
.0.5  ml  of  water  led  to  the  formation  of  diphenyllactoniirilc  Upon  its  hydrolysis  in  acidic  medium,  the 
diphenyllactic  acid  formed  decomposed  with  the  formation  of  diphenylacetaldehyde. 

6  In  aqueous  ether  solution  according  to  the  method  of  N.  D  Zelinsky  and  G.  L  Stadnikov,  the 
reaction  of  diphenylacetaldehyde  with  KCN  and  NH4CI  proceeded  in  two  directions  :  with  the  formation  of 
ot-amino-  6-hydroxy-fl.fl-diphenylpropioniiriIe  and  diphenyl  lac  ton  utile.  The  yield  of  the  aminonitrile  was 
very  small. 

7  Upon  the  hydrolysis  of  the  hydrochloride  of  the  aminonitrile  in  acidic  medium,  in  addition  to 
tarring  products,  nothing  else  was  obtained 

8,  Upon  the  hydrolysis  of  the  hj'drochlotide  of  the  aminonitrile  in  alkaline  medium,  the  cleavage  of 
the  niuile  occurred  with  the  formation  of  diphenylacetaldehyde. 
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yjjg  rpictiOTi  of  an  ether  solution  of  diphenylglycolic  aldehyde  with  an  aQueous  solution  of  K.CN  and 
NH^l  led  to  the  formation  of  a  mixture  of  diphenylglyceric  nitrile  and  a-amino-6-hydroxy-fl,6*<Jiphenyl- 
propionitnle 
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SYNTHESIS  OF  LEUCO  9ASES  AND  D''ES  THE 

TRIPHENYLMETHANE  SERIES  [1  2) 

K.h  Fe Id  n^a 'I  a  f  d  A  ’  Zitser 


Continuing  the  investigation  of  co.T)pour,ds  of  the  hydioxitvptienyhiu  thane  series  with  the  a:ni  of  finding 
active  anti-tube. culants  among  them  a  set:es  of  s.bs'a'ces  was  sy  thes’zed  according  to  the  follc  ving  srhemer 


-OH  HO 


OH  MjCOCC 


NHSOjCtH^fJHCCCHg 

(V) 


HCOCHj 

(fl) 


Cl 


OH  HO 


M 


j 

HHCOCH, 


6CH3 

HSOiCjfflHHCOCH, 


OCM5 


RHCOCHj 

(vi/> 


The  product  of  the 'ed>jc»’on  of  3  nitro  4  4  ditydroxy  3  ..‘J  -dimethoxyr-ipher  yln'Cthane  (1)  p]  was  used 
as  the  starting  compoorid  Tlie  red^ct'or  was  effected  witn  hyd'Oge  •  'u  the  p-esence  of  a  *keleionized  nickel 
catalyst  3  Ammo  4  ,4  d  hyd’oxy  3  3  dimcthox>i  The  vlrrcrlia  le  (P)  was  acerylated  wiih  acetic  anhydride 
Upon  acetylation  ’urdei  va’ious  conditio "“s  mo  -o  d  j'd  r 'acetyl  detivsirves  were  obtained  from  3  amino  4 
4 '-dibydroxy-S  .3  <lin>ethox>tt’phenylnieiha  e  Fy  tne  co"de  satio  of  coirpoond  (11)  w'lh  p  acetylainino- 
phenylsulfonyl  chlo-ide  in  pyrid.'o.  its  a«-et>lrfm".ophe  ’ylsj’fc  :air  de  de-ivat  ve  (V)  was  obtained  Sap^iifi 
cation  of  the  acetyl  group  was  effected  bv  heatt^g  w.th  aJl-ol  (V  )  '..le  cfrppouod  of  the  hyd'oxyfochsone 


series  was  prepared  by  the  oxidation  of  the  leuco  base  w:di  amyl  rit'ite  ir  ethyl  acetate  which  contained  dry 
hydrogen  chloride  The  fuchsme  h\drochlonde  obtained  hydrolyzed  quite  readily  in  water;  it  gave  a  bright 
blue  solution  in  alkalies  (in  a  thin  layer)  In  a  thick  layer  the  alkaline  solu'acns  w'ere  colored  red  violet. 

Upon  prolonged  standing  of  the  alkaline  solutions  of  the  hydroxy fuchsone  derivatives  in  the  air.  they, 
decolorized  A  white  residue  was  precipitated  from  the  decolorized  solution  by  the  addition  of  sodium 
bisulfite  or  acetic  acid,  which  hov  rver.  started  to  darken  upon  drymg  in  a  desiccator  or  in  the  air  They 
could  not  be  recrystallized.  since  they  were  paitially  transformed  into  hydroxyfjchsoie  derivatives,  b  is 
interesting  to  menuor.  one  outr-ianding  property  of  the  hydroxy  fuchsone  compounds  obtained  due  to  the  . 
presence  of  nitro.  ammo,  acetyiamino.  sulfanilamide,  and  other  substituents  in  position  3  of  one  of  the 
phenyl  nuclei  of  the  hydroxyfuchene  molecule  Vhereas  hydroxyfuchsone  coirpounds  not  containing  these  groups 
readily\ield  waiefsoluble  bisulfite  derivative  soften  use.’  for  their  preparation  and  isolation,  the  hydroxy  fuchs” 
ihes  we  obtained  vield  bisulfite  derivatives  only  when  they  ate  heated  with  a  large  excess  of  «  nlium  bisulfite, 
a  considerable  part  of  the  substance  not  passing  into  sclction  An  analogous  observation  wis  found 

by  Feldman  and  R-ein  [1]  during  the  investigation  of  amnno,  acetylamno,  sulfarilamido.  and  other  rubrocois  substi¬ 
tuted  in  posirion  cf  one  of  ihc  benzene  rings  Purificaiton  and  isolation  of  these  compounds  by  means  of 
bisullue  derivans^es  was  impossible,  while  rubricol  itself  is  readily  purified  by  means  of  its  bisulfite  compound. 

All  of  the  compounds  obiairied  were  mvestigated  :n  the  laborato-y  of  the  All-Union  Chemico-Fharma- 
ceutical  Scienific  fcseaich  Institute  under  the  direction  of  prof  G  N  f^srshiti:  senior  scientific  cowotker 
of  O  O  kfakeeva  All  of  t.he  substances  possessed  a  certain  activity  against  tuberculosis  bacill  i  in  viiro 
and  in  the  presence  cf  serum  3-Acetylaminop)henylsulfcnamidodihyd'Oxydimethoxy  fuchsone  was  the  most  interesting 
However,  us  activ;-y  was  not  great 

EXPERIMENTAL 

•  >  Amine A  -dihydroxy-S  3*' dimethoxyt>?phcr-vl.methane(I!) 

10  g  of  3-ni:ro-4',4*'-dihydroxy-3'.^' -d  imethoxyt'iphenylmethane  I'O  ml  alcohol,  and  10  g  of  a  skeletal 
nickel  catalyst,  we  replaced  in  a  hydrogenation  bottle  After  the  'emoval  of  the  arr,  the  bonle  was  connected  with 
the  apparatus,  filled  with  hydrogen  and  then  shaken  on  the  shaker  at  room  temperature  After  the  cessation  of 
the  absorption  of  the  hyxliogen,  there  was  a  considerable  *esiduc  of  a  mixture  of  amine  and  the  catalyst  on  the 
bottom  of  the  bottle  Tne  amine  was  dissolved  by  heati''g  the  reaction  mixtu*e  to  boiling,  and  the  solution  was 
filtered  from  the  catalyst  After  cooling  of  the  solution  C  g  of  a  white  substarve  with  m  p  160-lG-l*  ciy'stAllized. 
After  the  removal  of  the  alcohol  in  vacuum  (up  to  a  vclumc  of  3C  '.0  ml),  log  .more  of  the  substance  crystallized. 
After  recrystallization  from  alcohol  7  gof  a  substance  with  ni  p  1C‘?-1CC*  which  did  not  increase  any  more,  was 

obtained  The  substance  was  insoluble  in  concentrated  hydtixhloiic  acid  soluble  in  alkalies,  glacial  acetic  acid, 
acetone,  ethyl  aceta*e  aixl  ether 

Found  C  7i  52  71  77.  Ji  6  13.  5  96;  N  4  20  3  97  Calculated  C  71.79.  H  5  99;  N  3  98. 

A  hydrochloride  with  .n  p  203-206*  was  obtai^d  Tnc  chlorine  was  determirK-d  by  poientiomctric 
titration. 

Found  ‘Ja  Cl  9  20  C,iH„0*N  HCl  Calculated  ^  Cl  9  16 

3-Aceryla:r!i~.o 4  4”-dihyd:oxy-3‘.3'  ■dimethox'v'rTipheriyl methane  (T\') 

0  8  ml  of  acetic  anhydride  was  added  dropwise  at  15*  to  a  suspension  of  2  g  of  3  amino-4  .4  -dihydroxy- 
3  ,•>  -dimethoxy triphenylmethane  in  50  ml  of  alcohol  After  10  mnutes  the  residue  went  into  solution.  After 
the  solution  had  stood  at  room  temperature  for  30  minutes,  it  was  poured  into  2:.0  ml  of  ice  water  A  white 
precipitate  came  out  which  was  filtered,  washed  with  water,  and  tecrystallized  f^om  alcohol  1  9  g  of 
a  substance  with  m  p  173-174*.  89^  of  theory,  was  obtained  The  substance  was  itadily  soluble  in  alcohol  and 
other  organic  solsems  A  qualitative  test  showed  that  the  substance  did  iK>t  contain  a  free  amino  group. 

Found  *5):  N  3  77.  3  67;  CCX^H,  10  43  C|jH|jC^N  Calculated  ^  N  3  56;  COCH,  10.94. 

3-Acetamino- •  .4  '-diacetoxy-3'.3"-dimethoxytriphenylmethane  (HI) 

2  g  of  3-amno-l'.4‘  -dihydroxy-3',3"'dimethoxvinphenylmethane  and  10  ml  of  acetic  anhydride  were  placed 
into  a  round  -bortom  flask  equipped  with  ball  condenser  The  solution  was  heated  for  three  hours  at  the  boiling 
point.  After  cooling,  it  was  poured  on  ice.  »he  precipitate  fUtered.  thoroughly  washed  with  water,  and  dried.  After 
recrystalhzation  from  7C«^  alcohol.  2.4  g  ol  a  substance  with  m  p  162-163*  was  obtained  It  was  insoluble  in 
water,  alkalies,  and  benzene,  and  slightly  soluble  in  alcohol  and  acetone  Yield.  90^  of  theory 

Founds  2  84,  2  78;  COCH,  26  80  CjtH,-0.\  Calculated^  N  2  93.  COCH,  27  04 
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10  ml  of  glacial  acetic  acid  and  15  ml  of  acetic  anhj-d»ide  were  added  to  3  g  of  3-amino-4‘,4“'dihydfOxy“ 
3*.3"-<lLmethoxytriphenyimethane.  The  solution  was  heated  for  2  hours  at  45-50*  on  the  water  bath,  filtered, 
and  poured  d^opwise  on  ice.  A  white  flocculait  precipitate  sepa’ated  Tt  was  readily  soluble  in  acetic  acid, 
alcohol,  acetone  and  in  dilute  alcohol  upon  heating  Upon  coo!tr.g  the  solution  Ln  aqueous ’alcohol,  the  substance 
came  out  in  the  form  of  an  ofl.  It  was  slightly  soluble  in  ether  b_t  could  be  precipitated  by  it  either  from  an 
alcohol  or  acetone  solution  The  substance  was  purified  by  d:.ssolvrng  to  alcohol  and  peering  the  alcoholic 
solution  into  water  The  substance  obtaned  (3  g)  had  a-  exte-ded  m  p.  75-90*  and  contained  water  of  crystalliza¬ 
tion.  A  qualitative  test  with  6-naphihol  showed  the  absence  of  a  free  amino  group. 

Analysis  of  the  compound  obtained  coresponded  to  the  diacetyl  derivative  of  3-amino  4  4*-dihydtoxy“ 
3*,3"-dimethoxy:riphenylmethane. 

Found‘d  N  3  02  2.98;  CHjCO  18.55.  H,0  3.5.  1^0.  Calculated  V  N  3.09,  COCH, 

18.96  ;  H|0  4  0. 

Sapon’lication  of  Acetyl  Gto.:ps  A  sol..t:nn  of  1  g  of  3  acetylamino-4‘.4"-dihydroxy-3',3*«<luneihoxytri- 
phenylmctha'e  ’n  5  ml  of  a  10^  sodium  hydrox.de  solutio"’  was  heated-  to  boiling  on  the  screen  for  1  hour,  the 
sol.tio'  was  fJteied.  arid  ca-e^ully  reutraljsed  with  hydrochloric  acid  to  an  acidic  reaction.  The  excess 
r.\-d  ochlo  c  4C  d  was  ne-.,t:ohzed  with  a  10^  sodium  acetate  solution.  The  precipitate  obtained  was  washed 
and  rec'ys'.all  zed  f.om  10  ml  of  alcohol  0.6  g  of  the  amure  with  m.p.  162-163*  was  obtained. 

The  sapor ificat'.o';  of  the  di-  a-d  f.acctyi  de-ivarves  also  led  to  the  starting  3-amino-4’.4'‘-dlhydroxy“ 
3’,3"-dimethoxyt:iprienylmethar'e  (ll). 

3  Acetylaminophenyl5ulfonamido-4'  4”  <li.7yd*oxy  3‘  3*^  d'methoxy  triphenylmethane  (V). 

2  7  g  of  3-aminO'4',4"-dihyd’Oxy-3’.3"-dimethox>tMpherylrrethane  and  20  ml  of  pyridine  were 
introduced  into  a  three-recked  flask  equipped  with  sivrie:  ar.d  the-roometet.  and  placed  into  an  ice  hath. 

Then.  2  1  g  of  p  acetylaminophenylsulfo.nyl  chloride  was  gradually  added  in  small  portions  with  stirring 
After  the  add'tior  of  all  of  the  acetylaminophenylsulfonyl  chloride,  which  requited  30-40  minutes,  the  sturing 
was  continued  for  30  minutes  more  at  room  temperature.  The  reaction  mixture  was  then  heated  for  3  hours 
at  40-45*  on  the  water  bath  The  solution  was  left  to  sta'-d  oversight  The  next  motnng.  it  was  filtered  and 
poured  d’opwise  with  stiirirg  into  2  liters  of  a  2*5^  hydroc.nlotic  ac  d  solution.  A  rose  colored  flocculant  precipi¬ 
tate  formed  It  wa  s  washed  with  2‘5<>  hydrochloric  ac:d  until  complete  disappearance  of  the  pyridine  odor  4  g 
of  the  dry  substa’^ce  with  m  p  245-246*  was  obtained,  '^leld  95*50  of  theory.  It  was  slightly  soluble  in  alcohol, 
aqueous  alcohol,  and  other  o'ganic  solvents:  for  this  reason  tr.e  p.rification  was  effected  by  many  extractions 
with  boUirig  alcohol. 

3  g  of  a  crystalline  substance  with  m  p  246  248*  wasobtared.  Yield,  71*^  of  theory.  The  substance 
was  soluble  in  alkalies,  slightly  soluble  in  alcohol  acetoric  a'd  ace.x  acid.  The  analysis  corresponded  to 
3-aceiylaminophenylsjlfor.amldo-4'.4*.-d:hyd'Oxy-3‘3"  -dimeihoxytripherylmethane 

Foj^d  ofc.  C  63  34  63  41.  H  5  42.  5.13.  N  5.22,  4  99.  S  5  73.  COCH,  7  80  C,^,C>,N4S.  Calculated^: 

C  63  68.  H  5.11;  N  5  11.  S  5  84,  COCK,  7.84 

3- Arnm.ophenyls’jlfor'amido  4*.4”-dihyd’'Oxv  3  -d.met^cxytr.pherylmetha'^e  (VI). 

A  solution  of  2  g  of  3  aceiylaminophenylsulforiamido-4'.4'’  dihydroxy*3’,3*-dlrrethoxytriphenylraetbane 

in  10  ml  of  a  10*5t  sodium  hydroxide  solution  was  heated  for  2  pours  on  the  boiltng  water  bath  The  reaction 
mixture  was  filtered,  cooled,  and  carefully  neutralized  with  nydrochlo’ic  acid  to  an  acidic  reaction.  The 
excess  acid  was  neutralized  by  the  addition  of  a  saturated  sod  um  acetate  solution.  The  precipitated  residue 
was  filtered  and  washed  with  water.  1.5  g  of  the  substance  wth  m.p  164  166  was  obtained.  Yield  55^ of 
theory.  The  substance  gave  sharp  depression  in  meltlrg  point  wner.  mixed  with  a  sample  of  3-amiho-4*,4*- 
d!hydioxy-3’,3"-d:nr»ethoxytriphenylmethar.e.  It  was  insoljble  i*"  hydrochloiic  acid,  benzene,  and  toluene, 
slightly  soluble  in  alcohol  acetone,  and  acetic  acid,  and  readily  soluble  in  alkalies. 

Analysis  of  the  substance  corespor-ded  to  3-amir.oirfie'yl$-lfo"am.do  4'.4"-dihydroxy-3*.3*-di.methoxy- 
iriphenylmcthane 

Found C  64  15.  64.26.  H  5  41,  5  18.  N  5.46  5  55  S  6  22.  6.11  C,»H|iOrNiS  Calculated  V 

C  64  05.  H  5  53.  N  5  53;  S  6  32. 
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3-Acen]amLno^*-t-.vdroxy-3*.3*-diinethoxyfiich$o^ 

A  solution  of  3  ml  of  freshly  prepared  amyl  nitiite  in  5  ml  of  ethyl  acetate  was  added  d^opwise  with 
stining  at  0-3*  to  a  mixture  of  6  g  of  3  accty'lamino^'.r^ihyxiroxy  3\3*<Jimethox>'triphenylmethane  in  30  ml 
of  ethyl  acetate  containing  1?5"  of  dry  hydrogen  chloride.  The  addition  requued  1  hour.  The  stirring  was 
then  continued  for  3  hours  more  at  and  tiic  mixture  was  left  to  surd  overnight  at  the  same  temperature. 
The  next  morning,  a  residue  had  fonned.  It  was  filtemd.  washed  with  d-y  ethyl  acetate,  allowed  to  stand 
for  2-3  hours  in  ether,  then  filtered  and  dried  in  a  vacuum  desiccator.  6.2  g  of  the  hydrochloride  was  obtained, 
which  was  a  shiny  violet  crystilline  substance  similar  topctassijm  permanganate  in  outward  appearance.  It 
melted  at  125-127*  with  de^o.T3 position.  According  to  analysis,  the  sibstarce  corresponded  to  3-acetylamino-4*- 
hydroxy-3*.3''-diroeihox>fuchsaiecontain*Jig  one  molecule  Cff  ether. 

Found  ‘Jo-  N  2  77.  2. 88.  Cl  7.42.  7.35;  14. 9£.  15.05.  C„1^C^NC1  •  C^Hi^O.  Calculated 

N  2.80;  a  7.08;  14.77. 

Upon  wadiirg  the  hy-droddoride  with  distdled  water,  ’t  lost  chlorine  and  was  transformed  into  the 
base  which  could  not  be  recrystallized  *ts  solution  in  alcobu*  was  yellow,  evidently .  it  is  completely 
dissociated.  Upon  treatirg  the  byd'ochloride  solstion  with  a  sndun'  acetate  solution,  it  was  colored  blue. 

The  substa.^e  nbtaircd  .pon  wasbir^g  with  water  melted  low  arxl  over  a  wide  range.  !t  wasdissolved  in 
acetiC  acid  a-xl  pou'ed  ’•■‘to  water;  a  red  floccvlant  p'ecrprtate  was  obtained  which  gradually  dectmposed 
upon  melti'.g  Tne  sjbsta-xe  co'-tafed  crystallization  watc*  Analysis  for  the  acetyl  group  showed  that 
a  partial  sapo.ffxation  of  xrs  acetyl  g’ojp,  appare"*Iy  had  occu’ied  during  the  oxidation. 

Found  COCh,  S44  &  15  N  3  36  3. 4 1 ,  H.O  4. *28  C^,H|;C\N*  H,0.  C  alculated  <5t;  COCH, 

10.51.  3  42  htO4  40 

Upon  drying  in  vacuum  at  45-50*.  the  substa'ce  tar-ed  A  crystalline  subsunce  could  not  be 
obtained  from  the  hydrate.  The  substance  v  as  soluble  ir.  alcohol.  acetor>e,  acetic  acid,  and  alkalies,  it  was 
insoluble  in  ethe*  ard  benzer^  and  slightly  soluble  m  ethyl  acetate. 

3-Amino-4'- hydroxy  3'.3*-duT>ethoxyfjchsone  (VIC) 

10  ml  of  a  5^  sodium  hydroxide  solution  was  added  to  2  g  of  3  acetylamino-4'-hydroxy-3'.3*-dimcthoxy- 
fuchsone.  ard  the  soljtrop  was  heated  to  boiling  for  1  hour.  The  solution  was  filtered,  made  weakly  acid  to 
Congo,  and  a  saturated  sod.um  acetate  solution  was  added  urnl  the  acidic  rerction  disappeared.  A  brown-ted 
amoiphous  residue  precipitated  it  could  net  be  tectystallized  after  two  re  precipitations  from  an  alkaline 
solution,  J..2  g  of  a  substance  was  obtained  yield,  thco'y  Us  analysis  coitesponded  to  3-amino-4'- 

hydroxy-3,‘3'’-dimethoxyfjchsOue  cor.tain'ng  1  mole  of  ware* 

Found ‘Js:  C  68  50  66.35  H  5  58.  5.62.  S  3.76  3  66  C,,Hi,0,N  H,0.  Calculated  <5k:  0  68.66: 

H  5.92,  N  3.81. 

It  w’as  ;»ot  possible  to  determine  the  water  of  crystallizat-x>n  s”’ce  ihe  s..bstar,ce  decomposed  partially 
upon  drying  m  vacuum  at  45  50*. 

?~(P' Acety laminophenylsulfonamido)  4*-hyd’oxy-3',3*  xiiirethoxyfuchsone  (IX). 

20  ml  of  ethyl  acetate  was  added  to  6  g  of  3  acetylarr  j*ophenyisLlfonamido-4'.4"  dihydroxy-3*,3*- 
dimethoxyiriphenylmethar.c,  ard  30  ml  of  ethyl  acetate  containing  15^;;;  of  gaseous  HCl  was  added  at  4-5*.  Then 
a  solution  of  5  ml  of  freshly  prepaied  amyl  niniie  m  5  ml  o:  <l:y  ethyl  acetate  was  added  dropwise  with 
stining.  The  reaction,  mixtu’e  was  stired  a»  this  temperatu-e  for  3  hou’s  more  and  was  allowed  to  stand 
overflight  at  a  tempetatu'c  r.ot  greater  thau  10-12*.  In  the  rootrirg  the  voluminous  violet  precipitate  of  die 
hydrochloride  was  filtered.  The  6  g  of  the  substance  obtained  was  dissolved  in  70  ml  of  diy  acetone,  tlie 
solution  was  fUtered.  and  evapo-ated  ir  vacuum  at  20-25*  to  a  residue  of  10  ml  The  acetone  solution  was 
then  poured  dropwrse  into  100  ml  of  dry  eth*::.  About  4  g  of  a  dark  violet  residue  with  a  metallic  sheen 
precipitated.  Some  more  of  the  hydrochloride,  somewhat  more  impure,  could  be  obtained  from  the  solution 
after  the  lemoval  of  the  solvents. 

The  analysis  of  the  compound  obtained  corresponds  to  3  acetyxlaininopber,>lsulfonamido-4*-hydroxy- 
3'.3*-dimethoxyfuchso:>e  coriainu-g  1  mole  of  ethci  of  crysullization. 
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Found Q  5  22:  C^Hj^O  11.03,  10.95.  CjjHitOjN, SCI- C^H^O.  Calculated ‘J»:  a  5.42:  C4Hi^  11.28. 

Upon  heating  the  hydrochloride  with  a  lO^s  solution  of  sodium  acetate,  or  even  better,  with  distilled 
water,  the  base  was  obuined,  a  dark  red  amorphous  powder  with  a  decomposition  point  of  182-185*.  The  substance 
did  not  contain  water  of  crystallization.  An  analysis  for  the  acetyl  and  sulfur  corresponded  to  3-(p-acetylamino- 
phenylsulfonaroido)-4 ’-hydroxy-3', 3’-dimethoxyfuchsone. 

Found  «!»:  N  4.88,  5.05:  S  5  86.  5.94;  CCX:h,  7.60,  7.30.  Cj^jOjNjS.  Calculated  •{»:  N  4.94;  S  5.84; 

COCH,  7.87. 

3-(p-Aminoixhenylsulfonamidoi-4’-hydroxy-3'.3*'-dimethoxyfuchsone  (X). 

20  ml  of  a  5^  sodium  hydroxide  solution  was  added  to  3  g  of  3-(p-acetylaminophenvlsulfon^mido)-4’- 
hydroxy-3’,3"-<limethoxyfuchsone.  and  the  mixture  was  heated  for  2  hours  on  the  boiling  water  bath.  The 
solution  was  filtered,  and  after  cooling,  carefully  neutralized  with  hydrochloric  acid  to  an  acid  reaction  on 
Congo.  The  bright  red  amorphous  residue  which  separated  was  filtered  and  washed  several  times  with  a  small 
amount  of  distilled  water.  The  substance,  dried  in  a  vacuum  desiccator,  over  alkali  did  not  have  a  sharp 
melting  point:  it  melted  low  and  over  a  wide  range,  gradually  losing  water'during  the  melting. 

The  subsunce  was  soluble  in  acetone,  alcohol,  and  acetic  acid,  very  slightly  soluble  In  ether,  ethyl 
acetate,  chloroform,  benzene,  and  petroleum  ether.  After  le-soliitn  in  alkali  and  reprecipitation  with  hydro¬ 
chloric  acid,  and  then  with  sodium  acetate,  the  residue  was  thorougnly  washed  with  water,  dried  in  a  desiccator, 
and  analyzed.  Its  analysis  corresponded  to  the  calculated  for  3-aminophenylsulfoiumldo-4’-hydroxy-3!,3'*- 
dimethoxyfuchsone  containing  1  mole  of  water  of  crystallization. 

Found  *511:  N  5.45,  5.35.  S  5.96,  6  10:  H,0  3.23.  H^O.  Calculated  V  N  5.34;  S  6.10; 

H,0  3.43. 

The  substance  was  dissolved  in  acetone  and  precipitated  from  the  solution  with  ether  in  the  form  of  a 
residue  with  a  green  metallic  sheen;  it  did  not  have  a  sharp  melting  point.  Its  analysis  for  sulfur  corresponded 
to  3-aminophenylsulfonamido-4’ -hydroxy*3'.3*-dimethoxyfuchsone  containing  1  mole  of  ether  of  crystallization. 

Found  %  S  5.50.  C4Hj*0.  Calculated  %  S  5.53. 

SUMMARY 

Nine  leuco  bases  and  dyes  of  the  uiphenylmethane  series  were  prepared  and  characterized  for  the  purpose 
of  seeking  substances  active  against  tuberculosis  bacilli. 
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INVESTIGATION  OF  H YD ROX YD IH Y D RCF U RA N S 


IL  REACTION  OF  2.4-DIPHENYL'5.5-DIMETHYL-2-HYDROXYDLHYDROFURAK-2,5  WITH  ACETIC  ANHYDRIDE 

E  D.  Venus-Danxlovs  and  A.  N.  Orlova 

Substituted  hydroxydihydrofurans  of  the  general  type  (I)  were  first  prepared  by  the  catalytic  action  of 
sulfuric  acid  on  pinacones  of  the  acetylenic  series  (I!)  [1.2.3.41 

^OH-COH 
Rj  C^=C--R, 

(I)  (11) 

An  irvestigat'O;-'  of  this  •■eac.non  conducted  with  various  pinacones,  enabled  the  authors  to.  note  a  series 
of  relations  for  the  isomerization  of  these  compounds  ard  to  show  that  the  yields  of  the  hydroxydihydrofurans 
depends,  not  only  on  the  nature  of  the  radicals  in  the  pinacones.  but  also  upon  their  mutual  distribution  in  the 
molecule  of  the  starting  pinacone 

In  certain  cases,  ihe  hydrox>'dihydrofuran  is  the  only  product  of  the  reanahgement  of  the  pinacones  [1,3); 
in  others,  it  is  obtained  in  mixtures  with  isomeric. ethyl  y4cioalcohols  [2],  with  acetylenic  ketones  [4,5.6], 
and  sometimes  are  not  even  formed  [7] 

After  a  detailed  study  of  the  properties  of  these  compounds,  it  was  showm  that  they  possess  the  properly  of 
giving  oxonium  compounds  of  varying  stability  [1,2, 3.4).  react  with  alcohols  to  form  nibstances  of  il:e 
complete  ketal  type  [3.8],  give  various  brominaiion  products  with  bromine  [8],  and  are  oxidized  with  great  • 
difficulty  [91  Upon  catalytic  hydrogenation,  the  hydroxyl  group  of  the  h>'droxydihydrofurans  is  reduced  first 
and  then  the  double  bona  [9] 

In  the  previous  communication,  the  product  of  the  reaction  of  2.4-diphcnyl*5.5-dimethyl-2-hydroxy- 
dihydrofuran'2,5(l  R  and  R^  =  CH,  R*  and  Rj  =  flj)  with  acetic  anhydride  is  reported. 

A  preliminary  experiment  conducted  in  1914  with  the  substance  when  it  was  first  obtained  [1]  for  the 
purpose  of  showing  a  hydroxyl  group  in  it,  showed  that  a  s'jbstai.ce  with  an  empirical  formula  CjqHiiO)  was 
obtained  with  this  reaction,  which  did  not  hyd'olyze  by  the  action  of  alkalies. 

A  more  detailed  study  of  this  acetyl  dcrivauve,  conducted  at  the  present  time,  showed  that  this 
substance  with  m  p  138T39*  was  uot  hydrolized  by  aqjeojs  arid  alcoholic  alkalies  of  various  concentrations, 
and  was  recovered  in  the  unchanged  state  upon  aeidification  It  was  also  unchanged  by  the  action  of  sulfuric 
acid  of  various  concentration. and  under  various  conditions 

The  substance  titrated  bases,  formed  salts,  was  methylated  with  dtazomethane.  formed  esters  which 
could  also  be  obtained  by  the  action  of  methyl  iodide  on  the  silver  salt  In  addition  the  amide  could  be 
obtained  by  means  of  the  corresponding  acid  chloride 

Upon  hydrogenation  in  the  presence  of  platinum  black,  the  substance  with  m.p,  138*139  added  2  atoms 
of  hj’drogen  /  mole,  to  form  a  new  product  which  had  acidic  pioperiies  like  the  starting  one. 

On  the  basis  of  the  above  reaction,  it  must  be  considered  that  the  substance  with  m  p  138-139*  is  an 
unsaturated  monobasic  acid. 

In  order  to  determine  the  structure  of  the  substance  it  was  subjected  to  the  action  of  various  oxidizing 
agents  in  acidic  medium, fot  example  chromic  anhydride  chromic  mixture,  but  the  product  remained 

unchanged.  Upon  oxidation  with  hypoiodide.  icdofotm  was  detected,  hypochlorite  caused  a  suong  uttlng 
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L’pon  oxidition  by  alkalir.e  potassium  permangianate  solution,  acetone  and  acetylbenzoyiphenyl- 
methane  (IV)  was  detected  in  the  neutral  products.  Carbon  dioxide,  acetic  acid  (V),  benzoic  acid  (VI). 
and  benzoylformic  acid  (VII)  in  the  acidic  (Scheme  A). 

The  assumed  oxidation  products,  diketo  acid  and  the  hydroxyketo  acid  (brackets  in  Scheme  A), 
apparently,  are  rather  unstable  under  the  conditions  of  the  reaction,  decarboxylate.  or  are  oxidized  to  the 
end  products. 

On  the  basis  of  all  of  the  experimental  data  on  the  unsaturated  monobasic  acid  with  an  empirical 
formula  CjjHjjO,  and  m.p.  138-139*  the  structure  oi  disubstituted  acetoacetic  acid.  phenyl-(l-phenyl)- 
isocrotylacetoacetic  acid  (III)  must  be  assigned  to  it. 

Scheme  A 


CH, 

'  C,H, 

CO 

C=C(CH,>, 

CH, 

1 

c  ^ 

COOH 

i 

CH, 

(III) 

CHj  "I 

I 

CO 

,^COC,Hj 

COOH 


CO 

! 

CH-CO-C,H, 

C,H, 


(IV) 


r  . 

CH^OOH  *  [CjHsCO-COH^OOH 

(V)  oxid. 

I  • 

C,H,COOH  ♦  CjH,  COCOOH  , 

(VI)  (VII) 


CHjCO-COH-COOHj  ♦  C»HjCOOH 
joxid.  (VI) 

CHjCOOH  ♦  CjHjCOCOOH 

(V)  (VII) 


TTie  stability  of  the  acid  obtained,  in  comparison  to  the  simple  acetoacetic  acid,  can  evidently,  be 
explained  by  the  fact  that  electronegative  radicals,  phenyl  and  phenylisocrotyl.  are  found  in  the  a -position 
to  the  carbonyl  and  carboxyl  groups.  It  is  known  that  homologs  of  acetoacetic  acid  [10.11.12.13]  are  more 
stable  compounds 


The  carbonyl  group  in  the  keto  acids  obtained  could  not  be  detected  (the  semicarbazone  was  not  formed 
under  the  usual  conditions)  which  can  apparently  be  explained  by  steric  hindrances. 

An  attempt  to  obtain  this  acid  by  the  action  of  acetyl  chloride  on  hydroxydihydrofuran  was  unsuccessful 
because  of  the  strong  tarring  of  the  product. 


In  order  to  explain  the  formation  of  the  substituted  aceio acetic  acid  during  the  reaction 
of  the  hydroxydihydrofuran  (I)  (R  and  R|  =  CHj;  Rj  and  Rj  =  C^’lj)  with  acetic  annydride.  the  following  explanatory 
mechanism  was  proposed,  which  requires  refinement  and  supi^le mentation  (Scheme  B). 


1  acetvlat'on 


(CH,ip^  C 
(VUD  ° 


=  C~COCK, 


SCHEME  B 

ening  of  (CHj),COH — C  =  C 


I  „  N;oc,h. 


allylic 

rearrangement 


/CCXIH, 

(CH,),C  =  C— COH 

I  ^COC*H* 


isomerization  (CHj)jC  = 


(III) 


,COCHc 

/ 

\ - CeH, 

x:ooH 


The  first  stage  of  the  reaction  is  the  acetylation  of  the  hydroxydihydrofuran  to  form  the  substituted  3- 
acetox^ihydrofuran  (VIII)  which  can  be  compared  to  the  acetylation  of  ethylenic  hydrocarbons,  first  observed 
by  I  Z  Korxlakov  [14]  and  later  by  other  authors  [15],  with  the  formation  of  the  unsaturated  ketones.  The  second 
opening  of  the  ring  of  the  ring  of  the  hydroxydihydrofuran  is  very  clear,  since  under  certain  conditions, 
hydroxydihydrofurans  can  be  transformed  into  unsaturated  yketoalcohols  [2.8]  The  allylic  rearrangement  of 
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ethylenic  alcohols  is  known  extensively  from  the  literatme  and  is  quite  apparent  for  the  given  case,  F’naily,  tlie 
last  stage,  the  isomerization  of  the  tertiary  diketoalcohol  (X)  into  the  acid  (111)  is  also  possible,  and  an  indirect  proof 
is  found  .in  the  literatuic  on  the  many  transformations  of  hydroxy  carbonyl  compounds  and  haloketones  into  acids 
116.17.18.19). 


EXPERIMENTAL 

Action  of  Acetic  Anhydride  on  2.4~Diphenvl-5.5-dimethyl-2-bydroxv'dihydrofutan*2.5 

The  reaction  was  conducted  under  conditions  previously  reported  [1]  (by  heating  w’ith  6  parts  by  weight  of 
acetic  anhydride  for  40-45  minutes  to  slow  tniling  followed  by  pourirg  into  an  excess  quantity  of  water.)  The 
substance  obtained  was  tecrystallized  from  ether  and  was  in  the  form  of  fme  needles  with  m.p.  138-139*;  yield, 
85-88^  of  the  theoretical  based  on  the  formula  Elementary  anal^'sis  and  molecular  weight  determination 

confumed  this  formula  [1) 

/ 

The  substance  was  readily  soluble  in  the  common  organic  solvents,  energetically  reacted  with  methyl 
magnesium  iodide,  decolorized  a  chloroform  solution  of  bromine,  gradually  decolorized  an  aqueous  potassium 
permanganate  solution,  and  did  not  react  with  semicarbazide,  phenylhydrazlne.  and  ferric  chloride. 

By  the  action  of  a  alcoholic  potassium  hydroxide  solution  (boiling  for  5.5  hours),  as  well  as  a  10*^ 
alcoholic  alkali  by  heating  in  a  sealed  tube  (100*,  hours),  the  starting  substance  was  recovered  in  quantitative 
yield  upon  acidification  The  same  results  were  obtained  by  the  action  of  an  excess  of  50*%  aqueous  alkali  (100*. 

3  hours) 

The  determination  of  the  number  of  carboxyl  groups  by  titration  with  alkali  showed  that  the  substance 
with  m  p  138  139' contained  only  one. 

0  2094  g  rjbstance:  7.9  ml  0.1  N  KOH  solution  Found.  11  active  hydrogen  atoms. 

The  presence  of  one  active  hydrogen  atom  was  confirmed  by  the  determirution  of  the  number  of  hydroxyl 
gro'v*  by  Terentyev’s  method. 

‘  0  0440  g  substance:  3.5  ml  CHg  (10*.  760  mm).  0.0420  g  substance:  3.5  ml  CHg  (19*.  763  mm). 

Found  V,  3.13.  3  22.  *%  OH  5.3.  5.8.  C,,HiAvOH)  Calculated  <%:  OH  5.5. 

By  the  action  of  7‘%.and  12%  sulfuric  acid  (100*.  5  5  hour^as  well  as  15%  sulfuric  acid  (sealed  tube, 

6  hours.  15*).  the  substance  was  unchanged  A  12%  aqueous  alcoholic  solution  of  sulfuric  acid  did  not  effect 
it  (boiling.  3  hours). 

2.  Preparation  of  Salts  of  the  Substance  CiaHtnOg 

a)  The  ammonium  salt  was  obtained  by  the  saturation  of  1  5  g  of  the  substance  in  absolute  ether  with 
dry  ammonia.  The  precipitated  salt,  after  washing  with  absolute  ether  and  drying,  weighed  1.1  g.  which  conei- 
ponded  to  95%  of  the  theoretical. 

0  1000  g  substance ;  3  31  ml  0  1  N  solution  H|SOg  (Kjeldahl).  0  1000  g  substance:  3  24  ml  0.1  N  sol¬ 
ution  HgSOg.  Found  %.  N  4.50,  4  49.  CjgHj,0|  Calculated  %;  N  4  31. 

b)  The  silver  salt  was  obtained  as  a  result  of  the  exchange  reaction  between  the  ammonium  salt  and  a 
saturated  solution  of  silver  nitrate.  The  ptecipitated  white  les-due  was  washed  with  water  and  dried;  yield  71.-»%of 
the  theoretical. 

0.0999  g  substance:  0.2133  g  COg;  0.0440  g  H^O  0  1014  g  substance:  0  0262  g  Ag.  0.1101  g  substance: 

0.0284  g  Ag.  Found  %:  C  58.17;  H  4.89;  Ag  25  84.  25.79.  C,,H,p,  Ag  Calculated  %:  C  57.83;  H  4.58; 

Ag  26.02. 

c)  Tlie  barium  salt  was  obtained  by  the  exchange  reaction  of  the  ammonium  salt  with  barium  chloride. 
Yield,  46%  of  the  theoretical. 

0  1073  g  substance;  0  0328  g  BaSOg  Found  %-  ^a  17.99  Calculated  %:  Ba  18.28. 

3  Pteparat'or.  of  Esters  of  the  Substance  CuHtgOg 

a)  Meihylaiion  with  Diazomethane  2  g  of  the  substance  with  ra  p  138-139*  was  dissolved  in  15  ml  of 


absolute  etnes  aoo  poured  ir.to  175  ml  of  a  0.235  solution  of  diaaomethane  (theory.  0.29  g  of  dlaaomethane.  U.. 
126  ml  of  d«  0.235  ether  solution).  The  re.-tion  proceeded  energeticaUy  with  a  rapid  evolutmn  of  nttrogen. 
After  2  months,  the  ether  was  re.moved.  T..e  residue  slowly  crj-stalliaed.  M.p.  64,65  .  The  substance  did  not 
contain  nitrogen  and  did  not  react  with  methyl  rragr«5iuro  iodide. 


0.1298  g  substance:  0  3710  g  CC\:  0.G817  g  HjO.  0.0957  g  substance:  0.2742  g  Ca:  C  0609  g  H,0. 
Found  C  77.95.  78.14;  H  6.99.  7.07.  Calculated  ‘Jc.  C  78.26;  H  6  83 

O.llCl  g  substance:  12.22  g  CjH*;  At  0.135*.  Found  M  334.  .  Calculated  M  322.  0.1763  g 

subsunce;  0  1134  g  AgL  Found OCKj8.50.  CjiF^Oj,  Calculated ‘Jfc.  OCH.  9.60. 

Upon  the  hydrolysis  of  the  substance  obtained  snth  a  dilute  aqueous  potassium  hydroxide  solution 
using  a  slight  amount  of  heat,  and  upon  the  subsequent  acidification,  a  substance  with  m.p.  138-139*  concs- 
ponding  to  Cjj-Hi^j.  precipiuted. 


b)  Ntethylation  Sia-ting  with  the  Silver  Salt.  A  smaU  amount  of  methyl  alcohol  and  1  g  of  methyl 
iodide  were  added  to  0.5  g  of  the  sUver  salt  of  T.ne  mixture  was  heated  for  15  hours  at  65*.  After 

24  hours,  an  ether  extraction  was  made  which  gave  an  oily  substance  crystallizing  after  several  days.  MP. 
64-65*.  This  substance  was  found  to  be  identical  (mixed  melting  point)  to  the  methyl  ester  obtained  with 
diazomethare. 


4.  Preparation  of  the  Amide  of  the  SubsrariceCtt 


The  amide  was  obtained  by  the  usual  method  by  means  of  the  acid  chloride  [20]  The  thick  yellowish 
mass  of  the  acid  chloride  was  dissolved  in  absolute  ether  and  saturated  with  dry  ammo.nu;  the  precipitated 
white  mass  was  washed  with  petroleum  ether  and  recrystallized  from  a  mixture  of  ether  and  petroleum  ether. 
M  p.  92-93.5*:  Yield  65^jof  the  theoretical. 

0.1030  g  substance:  0.2963  g  COj;  0.0664  g  HjO.  0  1  332  g  substance:  5.7  ml  (20*.  762  rom). 
0.1269  g  substance:  5.1  ml  N*  (17^  763  m.m)  Found  ^:C  78.46:  H  7.16;  N  4  88.  4  6  9.  C,,H,jO^N 
Calculated  ^Jc;  C  78.18;  H  6.84i  N  4.56.  C.1468  g  substance:  13.62  g  C^H.:  At  0.18*.  Found  M  300. 
Ct»H|jP|N.  Calculated  M  307. 


5.  Hydrogenatio.n  of  the  Substance 


The  reduction  was  effected  with  platinum  black  until  two  atoms  of  hydrogen  had  added  per  mole 
of  the  starting  substance. 

1  g  ot  the  substance  with  m.p.  138-139*.  dicolved  in  160  ml  of  ethyl  alcohol,  i.*!  the  presence  of  0.5 
g  of  platinum  black,  absorbed  79  ml  of  hydrogen  (15*.  751.5  min)  which  i.'^.dicaied  the  prevence  of  one  ethylene 
bord  in  the  molecule.  The  reaction  proceeded  slowly,  and  after  the  absorption  of  79  frl  cf  hydrogen,  practically 
stopped. 


After  the  removal  of  the  alcohol,  the  caramel-like  mass  crystallized  upon  the  additio*  of  petroleum  ether. 
After  thorough  washing  with  petroleum  ether  and  recrystallizatiori  from  ethyl  ether,  1  6  g  of  a  p'Od..ct  with  m.p 
128-129*  was  obtained  as  a  result  of  the  hydrogenation  of  4  g  of  the  subsunce  with  m  p.  138  139'  (5  experiments). 
"Yield  40^  of  the  theoretical.  The  substance  gave  a  depression  in  melti'^  point  with  the  sta-txg  material,  was 
poorly  soluble  in  glacial  acetic  acid,  readily  in  ether  and  benze-e,  and  did  not  decolorize  ar  aqueous  potassium 
permanganate  solution  or  a  chloroform  solution  of  bromine,  contained  an  active  hydrogen,  and  showed  acido:  pro¬ 
perties:  it  dissolved  in  aqueous  alkalies  and  soduiin  carbo.nate  solution,  and  was  recovered  upon  acidification.  The  ' 
carbonyl  group  could  not  be  detected. 

0.1186  g  substance:  0.3374  g  CC^;  0.0716  g  1^0.  0.0871  g  substance:  0.2466  g  CO^:  0.0556  g  H,0, 

Found  C77,63.  77.26:  H  6.84.  7.14,  Ci,HjOj.  Calculated  ^  C  77,40.  H  7.09.  0.1497  g  subsUnce: 
11.80  g  C,H,:  At  0.19*.  Found  M 332.  Ci^HaOj.  Calculated  M  310. 0.0338  g  substance .  2  7  ml  CH^ 

(IS*.  746  5  inm).  Found  v,  CH«  2.46  ml:  OH  5.52.  CjoHnO,(OH)  Calculated  v,  2.43  ml.  <?>: 

OH  5.48.  0.1400  g  substance:  5.14  ml  0.1  N  KOH  solution.  Found  one  carboxyl  gioup. 

In  view  of  the  small  amount  of  the  substance  it  was  not  studied  further. 
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6.  Oxniatiog  of  tA^e  Substance 

a>  Oxidation  w.tN  aj^-ah  hvpoclJoiiJe  d'd  n?t  lead  :o  satisi'actory  result?  A  strong  tarring  occurred. 
Chloroform  coulc  'tot  be  detected  o,;]y  a  small  anioin,:  of  benzoic  acid  could  be  isolated,  which  was  char- 
actcizeO  b>  rrclin;:  f^^ir.t  (mixedi  .nelting  pcintl  and  aralysa  of  the  silver  salt.  Found  Ag  46  £1. 

Calculated ‘Ic  Agi7  1d 

C.^idation  wit  ?  Hypoiodiie  Tnc  cortespondmg  quantity  of  finely  'xilverized  iodine  was  added  to  a 
solution  of  the  rubstance  in  alkali  I’fon  hvating,  a  cloudiness  appeared,  and  the  odor  of  iodoform  could  be 
detected 

c)  Oxidation  with  Chromic  Anhydride  A  solution  of  2  1C  g  of  chromic  anhydride  in  22  ml  of  water 
(IC  moles  of  the  anhydride  for  3  moles  of  substance)  was  added  with  efficient  stirring  to  2  g  of  the  substance 
with  m.p.  1S8-13&*  and  8  3  g  of  potassium  sulfate  ground  into  a  powder  No  change  in  color  occurred,  and 
the  substance  was  reccseied  unchanged  esen  when  the  reaction  mixture  was  heated  to  boiling  for  C  liours. 

d)  Oxidation  with  Chromic  Mixture.  The  calculated  a.Tiount  of  chro.xic  mixture  (1.63  g  of  potassium 
dichromate,  13  6  g  of  sulfuric  acid,  d  1  83.  dilunl  with  6  volumes  of  water  [21])  was  used  for  1  g  oi  the  substance. 

Tlie  chzomic  mixture  was  added  in  2  parts  with  stirruig  and  heating  for  G  liours  on  the  boiling  water  bath. 

No  change  in  color  occurred.  Afic  the  usual  processing  of  the  reaction  mixture,  the  starting  substancewith 
ni  p  lot  1  ..•*  was  isolated  in  quantitative  yield 

Oxidation  with  Potass'um  Perniancanate  Five  expeiLments  were  conducted  on  the  oxidation  with 
changes  n  the  reaction  condilior.s  The  best  results  were  obtained  with  the  following  conditions.  100  ml  of 
a  2^  potassium  pe.;'iangar.aie  solution  and  7  ml  of  a  107:  potassium  hydroxide  solution,  for  the  conversion  of 
tlie  subsiarx'c  into  a  water  soluble  salt  was  added  to  2  g  of  the  substance  Decolorization  started  very  rapidly 
and  the  teaction  proceeded  with  the  slight  evolution  of  heat  The  remaining  1.61  g  of  potassium  permangan¬ 
ate  was  added  iii  dry  form  in  ?  portions  over  1  5  hour*  During  the  oxidation  a  frothing  of  the  liquid  and  evolution 
of  carbon  dicxilc  gas  occurred  which  was  absorbed  by  baryta  wa’er  by  passing  au.  minus  carbon  dioxide,  through 
the  apparatus  After  3  hours,  a  complete  decolorization  of  the  solution  and  separation  of  the  manganese  dioxide 
had  occurred  10  ml  of  a  potassium  hydioxidc  solution  was  then  added  to  the  reaction  mass  in  order  to  com¬ 
bine  with  the  acids  formed  during  the  oxidation  After  15-20  minutes,  the  possible  excess  of  free  alkali  was  neu¬ 
tralized  with  the  passage  of  carbon  dioxide  The  manganese  dioxide  w'as  filtered,  washed  with  water  and  ether, 
and  the  neutral  and  acidic  products  were  subjected  to  investigation. 

The  neutral  products  were  distilled  at  a  slight  vacuum  at  55-3u*  on  the  water  bath,  in  small  portions, 
into  a  .xiluuon  of  p  iiiirophenylhyd’^azine.  an  orange  precipitate  formed  at  once.  From  the  first  portion,  the 
residue  melted  at  142-1  '5*  (Melimg  point  of  acetone  p-niirophcnylhydrazone.  145*).  in  subsequent  portions, 
the  melting  point  decreased  to  lli-116*  Evidently,  the  acetone,  detected  by  the  iodoform  and  sodium  nitro- 
prusside  test,  was  mixed  with  neutral  products  volatile  in  steam  which  also  reacted  readily  with  p-nitrophcnyl- 
hyxirazine 

llpon  increasing  the  heating  .temperature  a  substance  with  a  pleasant  floral  odor  with  an  extended  melting 
point  91-33*  was  extracted  with  ether  from  the  .'^rd  portion  of  the  distillate 

0  0'.<2y  g  substance:  0  2739  g  CO,.  0  0518  g  H,0  Found  C  80.41;  H  C  19  Ci^Hj40,  Calculated 

C80  67;  H  6  88 

The  substance  was  volatile,  very  readily  soluble  in  all  organic  solvents,  did  not  decolorize  in  the  cold 
aqueous  potassium  ivrmapganaic  or  chloroform  bromine  solutions,  did  not  color  fuchsine  sulfurous  acid  solution, 
did  not  react  with  Fehling  s  solution  and  ammoniacal  silver  oxide  solution,  it  reacted  with  methyl  magnesium 
iodide  and  feme  chloride;  it  also  gave  the  characterisiiic  reaction  for  enols  with  copper  acetate.  With  an 
aqueous  solution  of  p-fiitrophenylhydrazine.  it  rapidly  formed  an  orange  precipitate  with  m.p.  137-138  giving 
a  depression  in  melting  point  with  authentic  acetone  p-niirophenylhydrazone  (the  mixture  melted  at  119-125  .): 

0.0900  g  substance:  9.0  ml  N,  (14*.  769  mm)  0  0898  g  substance-  9  5  ml  N|  (18*.  757.5  mm).  Found 

N  11  83.  12  12  CuHjtO^N,  Calculated ‘Jt  N  11  83. 


Oz  ihe  basis  of  the  above  properties  and  elementary  analysis,  the  neutral  substance  with  ra.p.  91-93  must 
be  considered  to  be  a  S-dikctonc.  acetylbenroyiphcnylmethane  (l,2-<iiphenylbutan  dione-1.^  (IV),  while 
the  product  of  its  reaction  with  p-nitrophenyliiydrazine  with  ra.p.  139-139*,  the  p\Tazolone  corresponding  to  it. 

Araonr.  the  acidic  oxidation  products.,  isolated  in  the  usual  manner,  were  detected:  benzoylformic  acid, 
but  its  reaction  with  phenylhsdrazine  (melting  point  of  the  phenylhydrazone.  153*),  a  small  amount  of  the  start- 
inr  st:b?tance.  and  benzoic  acid  purified  by  sublimation  and  not  giving  a  depression  in  melting  point  with  authen¬ 
tic  benzoic  acid. 

r-ie  steam-volatilc  acids,  were  distilled  by  boiling  the  solution  and  were,  collected  in  separate  portions. 

In  tlie  last  portions,  acetic  acid  distilled  and  was  characterized  by  analysis  of  the  silver  sail.  Found  Ag 
64.55;  Calculated  Ag  64.65. 

Tnerefore.  the  products  of  the  oxidation  of  the  substance  with  m.p.  138-139*  supported  the  proposed 
structure  as  the  disubstituted  aceioaceiic  acid. 

It  must  be  mentioned  that  an  excess  of  the  aidant  did  not  increase  the  yield  of  the  oxidation  products, 
but,  conversely,  decreased  the  y'ield  of  the  diketone  from  33-35^»?  to  15-18*75.  It  also  must  be  mentioned,  if 
alkali,  was  not  added  at  the  start  of  the  o.xidation.  then  it  occurred  slowly,  and  10-13*75  of  the  starting  product 
w’as  recovered  If  immediately  after  the  oxidation  the  free  alkali  was  not  neutralized  with  carbon  dioxide 
and  the  neutral  products  were  not  distilled  at  once,  then  a  small  amount  of  the  volatile  mesityl  oxide  was 
irixol  with  the  acetone  and  the  6-diketone.’  which  was  formed  by  the  condensation  of  acetone  in  the  presence 
of  alkali.  Contamination  with  mesityl  oxide  can  explain  the  wide  and  low  melting  point  of  the  acetone 
phenylhydrazone  which  was  mixed  with  mesityl  a<ide  pyrazoline  (m.p.  128-129*),  as  well  as  the  decreased 
yields  of  acetone. 

Tne  presence  of  mesityl  oxide  in  the  alkaline  solution  was  confirmed  by  the  preparation  and  analysis 
of  the  corresponding  semicarbazone  (m.p.  163-164*),  and  pyrazoline  (m.p.  128-129*).  An  artificial  mixture 
prepared  fro.ra  equal  amounts  of  authentic  acetone  p-nitrophenylhydrazone  and  mesityl  oxide  piyrazoline. 
melted  at  113-118*. 

SUMMARY 

1,  R'.enyl-(l-phenyl)-isocrotylaceioacctic  acid  is  formed  by  the  reaction  of  2.4-diphcnyl-5,5-dimethyl- 
2-hydroxydihydrofuran-2,5  with  acetic  anhv'dride;  its  salts,  esters  and  amiJc  were  prepared. 

2.  The  structure  of  the  aci  J  obtained  was  proved  by  the  products  of  its  oxidation:  acetone,  1,2-diphenyl- 
butandione  -1,3,  benzoylformic,  benzoic,  and  acetic  acids,  as  well  as  its  reduction  to  the  correspxsnding  phcnyl- 
(l-phenyl)-isobutylacetoacetic  acid. 
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SYNTHESIS  OF  ISONICOTINIC  HYDRAZIDE  DERIVATIVES 
M  N  Shchukina  and  E  D  Sazonova 

In  a  paper  by  the  authors  with  G,  N  Pershin,  O  O  Makeev.  E  S  Kikitskaya.  A  D  Yanina,  and  A.  L 
Yakovleva  [11  a  new  group  of  compounds  possessing  antitubcrcular  activity  in  vitro  and  good  therapeutic  action 
fo»^  experimental  tuberculosis  in  animals  was  reported.  One  of  these  preparations,  called  Ritivazide  by  the 
authors,  showed  good  clinical  results  for  tubercular  therapy  and  was  recommended  for  extensive  application.  In 
this  investigation  it  was  established  that  aromatic  isonicotinoyl  hydrazones  exceeded  isonicotinic  hydrazide,  which 
was  also  investigated  by  the  authors  and  was  studied  in  detail  and  recommended  by  a  series  of  foreign  authors  under 
the  names  of  Nydra.'id,  Rimifon.  Neoteben.  etc.,  in  antitubercular  activity  and  tolerance.  Several  months  after  the 
publication  of  the  authors  paper,  the  German  investigator  Domagk  [2]  came  to  the  same  conclusion  of  the  superior¬ 
ity  of  isonicotinoylhydiazones  over  isonicotinic  hydrazide. 

Continuing  the  investigation  on  the  synthesis  of  compounds  containing  an  isonicotinic  acid  residue  and 

I  I 

the  group  =  C — NH - N'  =  C - .  which  is  peculiar  to  a  series  of  substances  posesing  high  tuberculostatic  activity 

(  hiosemicarbazones,  derivatives  of  arninothiazoles,  amidrazones,  phthalazones).  it  was  considered  of  interest  to 
prepare  substances  in  which  this  group  is  repeated.  Foi  this  purpose.  2-carboxy-3,4-dunethoxybenzalisonicotinoyl>  . 
hydrazone  (I)  was  prepared,  transformed  by  means  of  the  ester  (III)  into  the  hydrazide  of  the  acid  (IV).  and  the 
latter  condensed  with  salicylaldehyde  into  hydrazone  (V); 


CHjO* 


:  — CH-NNHCO- 
- COOH 


CHOCjH, 

;  •  o 


CH=NNHCO- 

(XH,  (III) 


HNHNHCO  ' 
\ 


CH,0 


eXH,  (II) 


rCH=NNHCO> 

. 

I 

eXH,  (IV)  ^ 

-CH=NNHCO“  N 


(  ^CONHN=at- 
OCH,  (V) 


It  must  be  mentioned  that,  upon  heating  opianic  acid  isonicotinoylhydiazone  in  alcoholic  solution,  it  is 
transformed  into  a  derivative  of  pseudo-opianic  acid  (11)  which  was  also  obtained  from  the  pseudo  ester  of  opianic 
acid  and  isonicontinoylhydrazidc.  Its  pseudo  structure  was  confirmed  by  its  insolubility  in  sodium  bicarbonate 
solution. 

Compounds  were  also  synthesized  where  the  group  with  the  two  nitrogen  atoms  was  separated  by  one  carbon 
atom,  4-i$onicotinoylhadrazino*5.G-dimethoxyphthalazine  and  the  corresponding  nicotinic  acid  derivatives. 

Upon  the  study  of  the  inhibitory  action  on  the  development  of  tuberculosis  bacillus  in  vitro,  it  was  found  that 

the  introduction  of  a  second  =C-^'H — N'=C — group  into  the  atom.atic  isonicotinoylhydrazones  led  to  a  considerable 
decrease  in  the  antitubcrcular  activity.  For  comparison,  derivatives  of  nicctinic  acid  were  also  prepared,  2"carboxy“3, 
•'•Jimethoxybenzalnicotinoylhydrazone  and  5,Cdimethoxy'4-(nicotinoylhydrazino)-phthalazine  These  compounds 
were  considerably  less  active  in  relation  to  the  tuberculosis  bacillus  thai  the  corresponding  isonicotinic  acid  derivatives. 


r  "'N 

i  ^ 

/ 

i 

-1  1  * 
CH,0-^  ^..  ^  " 

CH,0— 

OCH, 

(VI) 


NHNH, 


r 

OCH, 

(VII) 


NH — NH— CO 


-r'.s 


OCH, 

(VIII) 


NH-NH“<:0— ' 


EXPERIMENTAL 


1.  2-Carb^r.'-3.4-dimtThovybenzalbor.icoinoyihydrazor£_^ 

A  hot  sclu*:  af  1.37  g  of  uonicotinic  hydrazidc  was  ziisi  wii  stirring  tr  a  Iiot  (Sw-*)  solut.cn  o.  .,.1 


g  cf  opianic  acid  in  4C  ,t.1  of  water,  the  solution  was  colored  v-ellow-green  by  this  addition,  and  a  voluminous 
precipitation  of  light  yellow  crystals  began.  On  cooling,  they  vcrc  filtered.  was_e-  vi..h  water,  alcohol,  a  et 
Light  yellow  needles  with  .m.p.  205-2i)6'.  It  contained  1  mole  of  water  of  crystaniratioa  which  was  given  off  at  lov.  . 
Yield.  3.21  g  (SSTj  of  the  theoretical). 


2.S18  mg  rjbstance:  6.2321  mg  CO,  and  1.179  mg  H,0.  Founder  C  58.27;  H  4  52.  C^HxsOsN,.  Calculated 
C  58. ’5:  H  4.55. 


Salts: 


CjeHj40,N,Na  -  colorless  crystals  (from  4  parts  of  water  ).  M  P.  239-24C*. 


CjgFjjOjN,  NUfCHjCHjOH),  -  colorless  crysuls  (from  50  parts  cf  alcoh©:).  KLp.  196-lf‘7*,  readily  soluble 


in  water. 


CiilljsOs.V,  •  NHiCjHs),  -  colorless  crystals  (fre.m  two  parts  cf  aicobol).  Kip.  176*177*.  very  read Uy  soluble 
in  waten 


Aqueous  solutions  of  these  salts  gradually  clouded  on  standing  forming  a  precipitate  of  these  salts. 

2.  Iscnicominoylhydrazir.e  Compound  of  the  Pseudo»Form  of  Oplar.ic  Acid  fll) 

A  hot  solution  of  1  37  g  cf  isonicotinic  hydrazide  in  10  irl  cf  water  was  added  tc  a  hot  solution  of  2.1  g  of 
ediyl  pseudo-cpianate  in  20  ml  of  alcohol  Upon  cooling,  the  precipitated  colorless  crystalline  residue  was  filtered 
and  washed  with  alcohol  and  ether.  Colorless  needles  with  m.p.  207-208*.  This  sa.T.e  compound  was  also  obtained 
from  2-carbo>.y-?,4-<iirnetbcxybcnzalisonicotinoylh>Tlra20ne  (I)  upon  heating  it  in  a  solution  in  10  parts  of  absolute 
alcohol  for  1  hour.  A  mixed  melting  point  of  both  subsunces  (1)  and  (II)  showed  a  depression;  m.p.  190-198*. 


2.770  mg  suh;tance:  5.  532  mg  CC\:  1  lOS  mg  H,0.  Found  C  58.44.  H  4,4' 
Calculated  fs:  C  58.35:  H  4.55. 


CisH„0,N,. 


3  2-Carboxy-3.-»-di:nclho.\ybe:u.aInicctU'.oylhydrazonc. 

h  was  rrepa.*ed  under  the  same  conditions  as  tlic  pre\ious  preparation.  Colorless  prismatic  platelets 
It  contained  1  mole  of  water  ci  crystallization  which  was  lost  at  150*.  KLp.  214-216*.  Yield  :77c  of  the 
theoretical. 

3.528  mg  substance'  7.532  mg  CO,:  1.451  mg  H,0.  2.7£5  mg  substance;  0.326  ml  (23*.  736.0  mm). 
Found  7-  C  58.26;  H  4  60;  N  13. OC.  C^H^OsN,.  Calculated  'ye:  C  58.35;  H  4.55;  12.76. 

4. (2-Carbethoxv-3.4  dimethoxybenza^isORicctinoylhydrazone  (III) 

3,2  g  of  acid  (I)  and  50  ml  of  ethyl  alcohol,  saturated  vrith  hydrogen  chicrde,  was  heated  for  3  hours 
on  the  water  bath  Upon  cooling,  the  yellow  crystalline  precipitate  was  w’ashed  with  alcohol  and  ether.  Yield, 

2.5  g  of  the  hydrochloride  from  which  the  base  was  separated  by  treatment  w'ith  sodium  bicarborrate.  !t  was 
recrysulllzed  from  alcohol.  Colorless  needles  with  m  p.  213-214*. 

5.190  mg  subsunce:  0  556  ml  N,  (22*.  733  mm).  Found 'x:  N  11.85.  CuH„O^N,  Calculated  To: 

N  11.76. 

5.  2 -Carbohy drag ido-? .4-dime thoxybe real isonicotinoylhydrazone  (IV) 

1.8  gof(2-carbethoxy-3.4'dimethoxybcnza^sonicotinoylhydrazone  was  treated  with  2  g  of  hydrazine  hydrate. 
The  reaction  mixture  temperature  rose  to  70*.  and  a  transparent  solution  formea.  Upon  cooling,  a  yellow  ctystalline 
precipitate  formed,  which  was  fUtered.  washed  with  alcohol  and  ether,  and  rccrystallized  from  30  ml  of  water. 

Yield.  15  g  (877.  of  the  theoretical)  of  a  light  yellow  crystalline  subsunce  with  m  p.  152-153*. 

3..  57  mg  -jhstancr  7..  58  mg  C(\.  1  433  mg  H,0.  Found  f,:  C  55.81;  H  4  6t.  C„H„04Nj 
Calculated  >;  C  55.i>7;  H  4.92. 
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6-  O'Hydroxybenzal  Derivative  of(2-CaTboh>-dra2ido-3.4-dimethoxyberzaI:sonicoiipoyIhydrazQne  (V) 

A  hot  solution  of  0  6  g  of  salicylaldehyde  ir  10  ml  of  alcohol  was  added  w'ith  shaking  to  a  hot  solution 
of  X.5  g  of  the  previous  compound.  Upon  cooling,  the  precipitate  which  formed,  was  filtered,  washed  with 
alcohol  and  ether,  and  recrystallized  from  30  .ml  of  water  Colorless  long  platelets.  M.p.  210-211.  Yield  1  9  g 

2.5-19  mg  substance-  8.005  mg  CC\  1  4n2  mg  HjO.  2  C32  mg  substance.  0.518  ml  1^  (26*;  728  mm). 

Found  C  61.55;  H  5  48.  N  15.80.  CjjHjjOjNV  Calculated ‘Ji-  C  61.45;  H  5.12,  N  15.59. 

7.  4-Hydrazino-5.6-dimeihoxyphthaIazine  fVn 

A  mixture  of  10  g  of  4-chloropiazine  [3]  and  20  g  of  hydrazine  h>-drate  was  heated  on  the  water  bath  to 
30*.  A  reaction  started,  the  temperature  of  the  solution  rose  spontaneously,  and  the  solution  turned  tiaruparent. 
Upon  cooling  yellow  crystals  of  4-hydrazino-5.6-<limethoxyphtha-azine  precipitated  which  were  filtered  and 
dried.  Mp  75-76*;  they  are  readily  soluble  in  water  and  alcohol.  Yield  8  g.  The  base  was  converted  to 
the  hydrochloride  by  adding  5  ml  of  concentrated  hydrochloric  acid  to  its  solution  in  20  ml  of  alcohol.  The 
colorless  crystals  of  the  hydrochloride  which  for.med  were  filtered,  washed  with  alcohol  and  ether,  and  re- 
crystallized  from  15  ml  of  water.  Colorless  crystals  with  m.p.  164-165*. 

4.040  mg  substance:  6.910  mg  COj.  I  760  mg  H|0.  3.512  mg  substance:  0  652  ml  N|  (21*.  744  0  mm). 

19.21S  mg  substance  3  71  ml  AgNO,  Found  <?».  C  46.57;  H  5.18.  N  22.3u:  Cl  13.69.  Ci#HaOiN4  -HQ. 

Calculated  C  46.78.  H  5.07.  N  21,83;  Cl  13.84. 

8.  5.6-Dimethoxy-l(isonicotiitoylhyd’^azinc)-phthalazine  (VII) 

A  mixture  of  2.25  g  of  chloroy  lazine.  1.37  g  of  isonicotinic  hydrazide,  and  20  ml  of  alcohol  was 
heated  for  1  tour  on  the  water  bath,  upon  cooling  a  colorless,  crystalline  precipitate  formed,  which  was 
filtered,  washed  with  alcohol  and  eiliet,  and  recrystallized  from  50  ml  of  alcohol.  Yield  3  g  (90^  of  the 
theoretical).  Colorless  needles  with  m  p  234-2"5*  (with  decomposition). 

3.640  mg  substance.  7.858  mg  CO^.  1.450  Mg  H|0.  Found  ^  C  58  91;  H  4  60.  CxeHi403Nj. 

Calculated ‘)fc.  C  59  07.  H  4  61 


9.  5,6-Dimethoxy  4(nicotinoylhydrazmo)  ph.thalazine  (Vlll) 

It  was  prepared  in  the  same  manner  as  the  previous  preparation.  Coloiless  crystals  with  rn.p.  207- 
208*.  Yield  of  the  theoretical. 

3.528  mg  substance  7  600  mg  C(\.  i  380  mg  H|0.  Found  *50  C  58  79;  H  4. 70.  CnHjjQjN^. 
Calculated  7o.  C  59.07;  H  4.61 

SUMMARY 

A  series  of  new  compounds  was  prepared  in  order  to  investigate  antitubercular  activity,  which  were 
simultaneously.derivatives  of  isonicotinic  or  nicotinic  hydrazide  and  opianic  acid.  It  was  shown  that  the 
isonicotinoylhydrazone  obtained  from  opianic  acid,  was  easily  transformed  into  the  isonicotinoylhydrazino 
compound  of  phthalide  structure  which  was  obtained  directly  from  the  ester  of  opunic  acid. 
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THIAZOL’DINE  4-  CARBOX>LIC  ACID  AND  ITS  DERIVATIVES 
V.  STUDY  OF  S(2  PHLNY  L-5-OXAZOLONEMETKY  LENE-4)-N-ACETYLCYSTEINE  AND 


ITS  ANALOGS 
I.  T  Strukov 

By  a  study  of  the  mechanism  of  the  foTnation  of  4-alkyIidene  2  phenyl-o-oxazolones,  it  was  established 
that  the  reaction  occurs  in  two  stages  first  2  phenyl  5 -oxazolone  is  formed  from  hippuric  acid  and  acetic  an¬ 
hydride,  and  then  it  reacts  with  aldehydes  or  ketones,  whereby  the  prese.nce  of  water-removing  substance  does 
not  appear  to  be  necessary  for  the  second  stage  of  the  reaction  [1],  Therefore,  upon  the  transition  of  hippuric 
acid  into  2-phenyl -5-oxazol one,  the  reactivity  of  the  hydrogen  atoms  is  greatly  increased. 

The  transformation  of  the  more  complex  cracylammo  acids  into  saturated  oxazolones  is  also  accompanied 
by  an  increase  in  the  activity  of  the  hydrogen  atoms  in  position  4,  as  well  as  on  its  neighboring  carbon  atoms.  This 
properly  of  saturated  oxazolones  is  exfKessed  by  their  ability  to  be  transformed  into  unsaturated  tompounds.  For 
example,  unsaturated  oxazolones  [2]  can  be  obtained  from  N(a  haloriicy^  amino  acids,  4-methoxymethylene-2- 
benzyl-5-oxazolone  can  be  synthesized -f-om  the  dimethylacetal  of  formylphenaceturic  acid,  whereby  the  simultaneous 
cleavage  of  oiie  molecule  of  methyl  alcohols  occurs  during  the  cyclization  of  the  oxazolone  rmg  [31  and  the  rearrange¬ 
ment  of  benzyl  penicillonic'  aerd  mio  benzylpemcillenic  acid  [4], 

The  last  reaction  was  unexpected  and  very  interesting,  since  the  preparation  of  benzyl penic ill ir 
was  being  attempted  by  the  action  of  water  removing  substances  on  benzylpenicillonic  acid. 

Therefore,  the  cyclization  of  tlie  oxazolone  ring  leads  to  a  new  distribution  of  energy*  of  the  chemical 
affinity  to  the  CH|  group  (in  2*phenyl-5 -oxazolone)  and  to  the  CH  group  (in  other  saturated  oxazolones).  The 
hydrogen  is  found  to  be  so  weakly  bound  that  it  readily  leaves  the  ca’bon  atom  The  conjugated  system  of  double 
bonds  formed  in  this  manner  stabilizes  the  oxazolone  ring  to  an  apparent  extent,  which  can  be  seen  upon  compar¬ 
ison  of  the  stability  of  the  satu'atcd  and  unsaturated  oxazolone  rings  [5] 

The  above  jxoperty  of  oxazolones  was  found  also  to  be  applicable  to  derivatives  of  S(2-phenyl-5-oxa20loi)e- 
meihyienc-4)-N-acetylcysteinc  and  its  analogs  [61  the  study  of  which  is  the  subject  of  the  present  investigation. 

Upon  heating  S(2-plienyi-5-oxazolonemethylene-4)-N  acetylcysteine  (I)  with  acetic  anhydride,  a  bright  yellow 
crystalline  substance  with  m  p  174-176*  was  obt  .ined  It  could  be  supposed  that  a  compound  with  two  oxazolone 
rings  (II)  had  formed,  this  was  not  confirmed  by  analysis  This  type  of  compound  is  formed  by  the  reaction  of  acetic 
anhydride  with  S(2-phenyl-5-oxazolonemethylene  4)  N-acetylpenrcillamine.  Therefore,  it  follows  that  the  right 
pan  of  the  molecule  of  both  compounds  participated  in  the  reaction,  which  was  4-metcaptomethylene-2-phenyl-5- 
oxazolone.  It  can  be  expected  that  the  hypothetical  product  (II)  with  two  oxazolone  rings,  formed  from  S(2-phenyl- 
5-oxazolonemethylene-4)-N  acetylcysteine  easily  decomposes  into  two  unsaturated  oxazolones  4 -methylene -2- 
methyl-5-oxazolone  (III)  and  4-metcaptomethyiene-2-phenyl-5-oxazolone  (IV).  The  bright  yellow  compound  obtained 
with  m.p.  174-176*  could  be  considered  the  product  of  the  reaction  of  4-mercaptQmethylene-2-phenyl-6-oxazolone 
with  the  excess  of  acetic  anhyd  ide  This  compound  could  have  been  4-acetomercapiomethylene-2-phenyl-$-oxazo? 
lone  (V)  since  the  analytical  results  upheld  this  possibility 

Actually,  4-mercaptomeihylene-2  phenyl -5  oxazolone.  prepa'^ed  by  A.  Ya.  Berlin  and  V  L  Maimind's  [7] 
method,  was  easily  transformed  into  4  acetothiomcthylene  2  phcnyl-5  oxazolone  with  m  p.  174-176*  by  heating  with 
acetic  anhydride. 

The  mechanism  of  this  reaction  is  shown  by  the  following  scheme:  (see  top  of  next  page) 

In  order  to  establish  the  reaction  mechanism  beyond  doubt.  N  benzoylpenicillaminc  was  prepared.  By  con¬ 
densing  N-bcnzoylpenicillamine  with  ^-ctl;oxymethylene-2-phenyl-5-oxazolorie  in  pyridine,  we  prepared  S(2-phcnyl- 
5-oxazolonemethylenc-- )-Nbenzoylpenicillamine  (VI),  which,  upon  heating  with  acetic  anhydride  gave  4-isopropylidene 
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cr-— -S—CH  c— K  • 

i  ' 

I  CO 

CH — NH. 
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COOH  j  jj 


C-C*Hc 


’  L  c-c,h5 

\  to  /  V, 

1  ^C-CH,  j 


CH,=C— N 


HSCH=C--Sx  “I 

j  ^C-C,H5 
CO  / 

o  . 


CK^OSCH=( 


CO  / 


,C-C,H5 


2-phenyl-5-oxazolone  (VII)  and  4-acetoih»onieihylene-2-phenyl-5-oxazolonc  (VIII) 
(CH^^— S— CH-^C— Nv  (CH,),C* 


\C-C,H, 


KC-NH  ' 

•  ^OC^H, 


'  YCeH, 

(VII)  CO  / 

-o'' 


CH,COSCH-e— Nv 


C“C*H, 


For  the  identification  of  the  reaction  product  (VII).  4-isopropylidenc*2-phenyl-5-oxazolone  [8]  was  pre¬ 
pared.  Analysis,  cry'stal  form,  and  absence  of  a  depression  In  melting  point  did  not  leave  any  doubt  that  the  se¬ 
cond  product  of  tfie  reaction  was  ‘t-isopropylidcnc-2-plicnyl-5-oxazolone  tVIl). 

'iL  ^  ii  ./V 


16*0  JBOC  if>»  Jta>  IblO 

Fig.  1.  Uluaviolet  absor^tion^bectrum 
of  4-acetothioniethylene-2-pbcnyl-'-oxazoIone 
obtained  from  S(2-phenyl-5-oxazolonemeth- 
y  le  nc-4)-N-ac  cty  Icy  ste  Ine . 


yco*  fua  3eeo  ^  iooo  upo 
Fig.  2.  Ultraviolet  absorption  spectrum 
of  4-acetothiomeihylene-2-phenyl-5-oxazolone 
obtained  from  4-mercaptomeihylene-2“phenyl- 
S'oxazolone. 


In  order  to  prove  the  identity  of  4-*cetothiomethylene-2-phenyl-5-oxazolone  obtained  from  various  com¬ 
pounds.  their  ultra-violet  abswption  spectra  were  determ uied  in  the  physico-chemical  laboratory  of  the  All-Union 
Scientific  Chemico  Pharmaceutical  Research  Institute  by  Yu  N.  Sheinker  and  B  M  Golovner.  The  4-acetothio- 
metbyiene-2-phenyl-6-oxazolones  obtained  from  S(2-phenyl-5-oxazoior,emethylent  4)-N-acetylcysteine  (I)  (Fig.  1) 


and  &oni  4-iTi?icapiomeihylenc-2-phenyl-5-oxazolone  (Fig  ‘2)  we*e  coiti pared,  Theii  absoiptioa  spectra  were 
found  to  be  identical  eontair.Lng  intense  bands  with  =  3600  A  and  3-!50  A. 

As  was  previously  shov.T!  [9],  tl^rc  is  a  characteristic  absorption  band  wuh  ^ 

absorption  spccra  of  Sinethylerie  siibstiuted  2-pheriyl-5-oxazolone$. 

The  presence  of  the  band  =  3600  A  in  the  spectrum  of  4-ace tothtomethylene  2-tfeenyl-o* 

oxazoione  serves  as  a  supplementary  proof  of  its  structu’e 

As  for  the  band  Xjjj^jj  =  3450  A.  it  apparently  can  be  viewed  as  being  the  tesult  of  the  effect  of  the 
acetyl  group  directly  attached  with  a  sulfur  atom. 

The  presence  of  two  other  bands  of  small  intensity  with  =  4050  A  and  4200  A  can  be  assigned 

to  a  small  impurity  of  bi$-(2-phenyl-5-oxazolonemethylene-4)sulfide.  Actually,  upon  purifying  4-acetoihio- 
methylene-2-phenyl-5-oxa20lone,  a  small  amount  of  a  subsunce  with  m.p.  233-234*  (with  decomposition), 
could  be  isolated,  arid  it  was  shown  that  it  was  bis  (2-phenyl-5-oxazolonemethylene-4)sulfide.  The  latter  was 
prepared  by  the  condensation  o'  4'ethoxymethylene-2-phenyl-5-oxazolone  with  4-raexaptomethylene-2-phenyl- 
5-oxazolonc. 

Therefore,  a  series  of  previously  published  papers  a'’d  the  present  investigation  make  possible  ihe  conclusion 
that  the  cyclizatiop  of  the  oxazoione  ring  Is  accompanied  by  the  redisuLbution  of  the  energy  of  chemical  affinity, 
and  for  this  reason  the  molecule  tends  to  be  nansformed  into  an  unsaturated  oxazoione  with  conjugated  double 
bonds.  In  relation  to  their  possibility,  this  or  other  change  Ln  theu  stnicture  occurs. 

Upon  dissolving  S(2-phenyl  5-c.xa2olonemethylene-4)-N-acetylpenicillamine  (IX)  in  concentrated  ammonia 
solution,  the  light  yellow  color  of  the  solution  charactetutic  for  oxazolcnes.  disappears  rapidly.  n-Benzoyl- 

aminO'6-S(N-aceiy!pcnicillamirie)acrylic  amide  could  be  isolated  fioiii  the  reaction  mass  in  the  foiro  of  the  benzyl- 
amine  salt. 

Concentrated  hy’drochloric  acid  also  splits  the  oxazoione  and  forms  a-benzoylamlno-3‘-S(N-acetylpenicil- 
lamine)acry’lic  acid  (X)  which  was  isolated  in  the  form  of  the  dibenzylamine  salt. 

The  evolution  of  catbon  dioxide  could  not  be  observed  upon  heating  (X)  in  the  dry  state,  as  well  as  in 
aqueous  solution,  which  can  bo  explained  by  the  stability  of  a  carboxyl  attached  to  an  ethylenic  gioup  in  (X). 
Conveisely,  heating  (IX).  (X)  and  (XIV)  with  2  N  hydrochloric  acid  is  accompanied  by  the  evolution  of  carbon 
dioxide  and  the  crystallization  of  phenylpe nicilloinic  acid  hydrochloride  (XUI). 

The  process  of  its  formation  is  represented  by  the  following  scheme: 

(CHj),C-S-CH=C~N,^  (CHs),C-S-CH=C-NHCOCtH, 

I  I  ^C-C, 


hC-NH  COOH 

I  ^OCH. 

COOH  * 


COOH  (IX) 


(C  Hi),C  -S-CH  =C  -NHCOC,!^ 

I  I 

IC-NH  CO.NH, 

I  '^COCH, 

COOH  (XIV) 


(CH,),C-S 

I  ^CH-CH,NHCOC6l% 
HC^H-  HCl 


I  Vh — CHNHCOCjH, 

HC-NH  HCl  COOH - 

COOH  (XII) 


COOH  (XIII) 


F.'om  fce  schetre  it  is  appereni  that  the  clsTupticn  of  the  cxazolone  ring  (X)  occurs  fust,  then  ^  eavage 
of  the  acetyj  group  (XI),  the  closing  of  the  uiiar^'lii  ine  ring  (XII).  and  iina**>,  .....  deca.boxylaaon  o»  t  e  $u 
stance. 


The  c;csi’".;'  thiazolidine  rung  peced: 
established  in  the  relation  when  part  of  ■:..e  r: 
lamirie  hvdrocUoride  ar.d  the  unstable  fcr.xy; 
aminoacetaldehyde  and  carbon  dioxide: 


thccatbcxyiation  process,  and  a  state  of  dynamic  eqaiUbrium  is 
*-pcnic-Jlo:nic  acid  hydrochloride  (XII)  decomposes  into  pe.nicU- 
:puric  acid.  Hie  latter  easily  decomposes  on  htaiing  into  benzoyl 


(CHj),C-SH 

(XII)  — ♦  HC-KI^  •  HO  ♦ 

COOH 


cx:h-ch“Nhcoc,Hj 

I 

COOH 

! 

CiHsCO.N’HCKjCHO  ♦  CC^ 


Benzoylaminoacetaldehyde  reacts  with  penicillamine  hydrochloride  to  ferm  the  difficultly  soluble  i.»  dilute 
hydrochloric  acid,  phenylpeniciLairic  acid  h,>'d:cchIoride  with  m  p.  216-217*  (with  decomp.).  In  order  to  prove  its 
structure,  ii  was  compared  with  phenylpeticilaiiac  acid  hydrochloride  reported  in  the  literature  [10]  prepared  by  die 
condensaticn  of  dl-penicillaminc  hjiirochlcride  vith  the  dicihylacetal  of  formylhippuric  acid.  The  character  of  the 
cr^'stals,  the  absence  of  a  depression  in  melting  point,  and  analysis  left  no  doubt  of  the  identity  of  both  compounds. 


The  transformation  of  S{2-phenyl-c-cxanclonemeihylene-4)-N-acetylpenicillamine  into  phenylpenicillainic 
acid  hydrochJoride  serves  as  proof  of  the  foimaturn  of  the  thiazolidine  ring  by  the  addition  of  the  amino  group  to 
the  C=C  bond,  found  attached  to  the  ruifur  atem.  which  previously  has  been  mentioned  in  communications 
il  [11]  and  IV  [6).  In  all  truth,  ir.r  is  a  general  reaction  for  the  preparation  of  thiazolidine  compounds. 


EXPERIMENTAL 

Reaction  of  Acetic  Anhydride  with  S'2 -Phe  n  y  1 -5 -o  xa  z  clone  me  th  yl  e  ne -4  )-N-ace  t  y  1 - 
penicillamine 

0.2  g  of  S(2-phenyl-5'Oxazolo.nemeThyic.-.t--''.)-N-acetylpenicillamine  was  heated  with  2  ml  of  acetic  anhy¬ 
dride  for  le  minutes  on  the  boiling  w-ater  bath  L'pc.n  cooling,  yellow  needles  separated  which  had  an  m.p.  17^-176* 
after  rec’ystallization  from  toluene.  It  is  soluble  in  alcohol,  acetone,  ethyl  acetate,  and  acetic  anhydride, 

6.757  mg  substance:  0.341  ml  Nj  (25*.  7;.C  mm).  5.604  mg  substance:  0.275  ml  N*  (26*.  726  mm). 

.  Found  N  5.4&.  5..‘-5.  CnH^jNS  Calculated '?k;  N  5.66. 

0.2  g  of  the  pyridine  salt  of  S(2 -phenyl -■-oxa20lonemethylene-4)-N -acetylcysteine  was  heated  with  3  ml  of 
acetic  anhydride  for  1  minute  at  100*  The  reaction  mixture  became  bright  yellow.  Upon  cooling  bright  yellow 
needles  separated  which  had  an  m.p.  of  174-176*  aher  recrystallization  from  toluene, 

3,728  mg  substance:  7.984  mg  CC^:  1  225  mg  H|0.  3  613  mg  substance :  7.670  mg  CO,;  1.180  mg  H,0. 

7. 91 7  mg  substance:  0.394  ml  (23*.  7  2  mm).  7  855  mg  substance.  C.3S4  ml  (23*.  732  mm). 

5.187  mg  substance;  4.710  mg  6aS04  Found  C  58  48.  57.93:  H  3.69,  3.65:  N5.33.  5.57:  S  12.48. 

CyH^OjNS.  Calculated  C  68.3,  H  3  €7.  N  5.66.  S  12.95. 

After  the  gradual  removal  of  the  acetic  anhNxlride  from  the  main  mother  liquor,  a  yellow  crystalline  sub¬ 
stance  appeared  It  was  filtered  and  washed  vizh  a  small  amount  of  acetic  anhydride:  m.p.  230-2'J2*  (with  decomp. ). 
It  is  poorly  soluble  in  ether,  methyl  alcohol,  acetone,  and  ethyl  acetate.  A  proposal  was  made  that  this  compound 
was  bis(2-phen>i-5-cxazoloncroeth>iene-4)sulfide 

In  order  to  prove  its  structure  the  sulfide  was  synthesized  in  the  following  manner:  0.5  g  of  4-mercapto- 
methylene-il-phenyl-S-oxazolone  and  0.55  g  of  4-ethoxymethylene-2-phenyl“5-oxazolone  were  dissolved  in  2  ml  of 
pjTidine  and  allowed  to  sta.nd  overnight,  A  yellow  crystalline  residue  separated  which  was  filtered,  washed  vrith 
pyridine,  and  dried  in  a  vacuum  desiccator  M.p.  was2.33-235*  (with  decomp.).  It  did  not  gis'e  a  depression  in 
melting  point  with  the  previously  obtained  compound  This  same  compound  was  obtained  by  A.  Ya.  Berlin  and 
V  I.  Maimind  by  passing  hydrogen  sulfidr.  into  an  alcoholic  solution  of  4-cthoxymethylene-2-phenyl-5-oxazolone  [7]. 

0.7  g  of  4-mercapiomethylene-2-phenyl'5-cxazolone  was  heated  with  10  ml  of  acetic  anhydride  for  1  min¬ 
ute  at  100*  Upon  cooling,  crysuls  of  4nacetoihiomethylene-2-phenyl-5-oxazolonc  separated  which  were  recrystal- 
lized  from  tol  iene.  Mp  174-176*.  Bright  yeUow  needles. 


3  402  me  rjb?tance;  7.2&5  mg  CC\:  l,rr2  mg  7  C18  mg  rubstance .  0  378  ml 

(23*  7  ;  m.tO  •:  S55  mg  fjbstancc  0  34:- ml  K,  (2  730  mm)  Found -p.  C  58.51; 

H  3  7-2;  N  5.5:.  6  Cj^HPjVS  Calculated  -f.  C  5S  H  3  C7  N  5  65 

AH  three  sa.npit  s  of  4-acetothiomfcthylene-2  pl;c-nyl  5-oxazoione  obtained  f'om  various  compounds, 
did  not  give  a  deprt^sion  in  rnelting  point 

Sf  2  - •* !.  -  nM  -  1  -o  xa..o  lone  me  t  h  yle  ne  41  -  \'-bepzoyl  pe  me  111  a  m  me  (VI) 

1  g  of  N-benzoylpeiuciliamire.  0  f,'7  g  of  4-ethoxymethylerK:  2-Fhcr.yl-5-oxazolone  in  5  g  of  dry  pyTidine 
were  leateJ  for  12  bouts  ai  80*  The  reaction  mixture  was  poured  into  2  0  ml  of  ether  and  was  shaken  with  40 
ml  of  10^/3  sulfuric  acid  Tne  ether  solution  was  sepaiated,  washed  with  water,  and  then  the  S(2  phenyl -5-oxazo- 
Ior.eme:hylene“4)*N-benzoylpcnicilIamine  was  extracted  from  the  eth.er  solution  with  10  ml  of  5>  sodium  carbon¬ 
ate  solution  Tlie  substance  was  once  more  transferred  into  IOC  ml  of  ether  from  the  agueous  solution  upon 
acidification  with  lOvo  sulfuric  acid  After  washirg  the  ether  solution  with  water,  drying  with  magnesium  sul¬ 
fate,  and  the  removal  of  the  ether  on  the  watc'  bath,  a  thick  yellow  oil  remained  Upon  drying  ui  a  vacuum 
desiccator,  it  was  iransfot.med  i"to  a  haid  yellow  amofphous  mass  with  m  p  82-85*  It  was  very  soluble  in 
ether,  alcohol,  acetone,  chloroform,  and  eihylacetaie  ;i  was  insoi-ble  ip  benzene 

6  4  0  mg  substance.  0  353  m  1  (32*  730  rrm)  Found‘d  N  6  08  CaH|PjN|S  Calculated  <5<»: 

N  C  6 

Reaction  of  Acetic  Anhydride  with  S(2  -  Phe  n  yl-5  oxazolonemwihyleRC-4)-N- 
benzoylpeni  cilia  mine 

1  g  of  S(2-phenyl-5-oxazolonemcThylene-4)-N-benzoylpen'cillam!ne  was  heated  vhh  7  ml  of  acetic  anhydride 
for  2  minu.es  at  U<C*  Upon  cooling,  bright  N-ellow  needles  of  4-acetothiomethylene-2  phenyl-O-oxazolone  separated 
which  were  recrystallized  from  toluene  k!  p  174-176*  The  mother  liqaor  was  evaporated  in  vacuum  in  order  to 
remove  the  acetic  anhydride,  and  the  ie..idual  o'l  dissolsed  in  5  ml  of  ethyl  alcohol  Upon  cooling,  a  small  amount 
more  of  the  cry’st?ls  separated  The  crystals  were  filiced  and  recry  stall  ized  2  times  from  toluene  Bright  yellow 
needles  with  m  p  170-172*  From  the  second  mother  liquor  a  small  a.nount  mote  of  the  crystals  with  m.p  168-170* 
was  uolated  upon  evaporation  to  a  small  volume  Analysis  of  the  substance  with  m  p  174-176*. 

7.902  mg  substance  0  406  ml  Nj  (22*.  722  mm)  9  082  mg  substance  0  457  ml  \  (22*.  729  mm). 

3  5  ’ 5  mg  substance:  3  2t..l  mg  BaSO^  Found  N  5,70,  5  50;  S  12  -*2.  C||HjC\NS  Calculcted 

N  5  CC;  S  12  25. 

From  the  thud  motlier  liquor,  a  substance,  in  the  form  of  light  yellow  thin  needles,  slowly  crystallized. 

It  was  rccrystallized  2  tunes  from  a  small  amount  of  alcohol  M  p  96  98‘  It  did  not  give  a  depression  in 
melting  point  with  4-isopropylidcne-2-phenyl-5-o:\azolone  ptep^ared  by  a  known  method  [?] 

7  387  mg  substance;  0  -‘56  ml  Nj  (23*.  7.12  mm)  5  C65  mg  substance  0.360  ml  (23*.  7J2  mm) 

Found  ‘vi>-  N  C  86,  7  00  CyHi,0,N  Calculated  N  C  26.  ’ 
c-Benzoylamino-8-S(N-Acet\Tpen’cillamjne)3cryI*c  Amide  (  .XIV) 

0.5  g  S{2-phenyl-5-oxazolon2mfcihylene  4)  N  acetylpenicillamine  was  dissolved  in  5  ml  of  aqueous  ammonia. 
The  yellow  solution  decolorized  rapidly  On  the  next  day  the  solution  was  evaporated  in  vacuum  to  drymess.  the 
residue  once  more  dissolved  in  5  ml  of  water,  acidified  to  Congo  wuh  concerr'ated  hydrochloric  acid,  and  once 
more  evaporated  in  vacuum  to  drynCss  The  dry- substance  was  then  dissolved  in  10  ml  of  acetone,  and  the  insol¬ 
uble  residue  of  ammonium  chloride  was  filtered  The  acetone  was  removed  in  vacuum  A  solid  amorphous  rhass, 
insoluble  in  water,  alcohol,  and  acetone,  and  soluble  in  ether,  ethyl  acetate  and  toluene,  remained. 

Benzylammoniurn  Salt  (XIV) 

The  amorphous  powder  obtained  was  dissolved  in  4  ml  of  acetone  and  treated  with  C  2  g  of  benzylamine. 

The  oil  which  separated,  crystallized  rapidly  The  crystals  were  filtered,  washed  with  acetone,  and  dissolved  in 
2  ml  of  alcohol.  Upon  the  addition,  of  3  ml  of  acetone  to  solution,  the  crystallization  of  a  .nibstance  in  the  form 
of  nodules  with  m.p.  138*. 

3.888  mg  substaiKe  8  364  mg  C(\  2  142  mg  H^O  Found  C  58.70:  H  6  16 

C14H5AN4S.  Calculated^:  C  59  26  H  6  22. 


c  -Benzovla^lino-£-S^N-Ace:v^^^^iciHar^;ine^acrvlic  Acid  (X)_. 

C.€  g  of  S(2-phenyl-5-oxazoionemethylcn2-4)-N  acetvlpenicillaminc  was  dissolved  in  2  ml  of  concen¬ 
trated  hydrc.chloric  acid.  After  1  hour,  the  solution  was  practically  decolorized.  On  the  next  day.  Lhe  solution, 
was  evaporated  in  a  vacuurr:  desiccator  A  vhije  powder,  readily  soluble  in  water,  alcohol,  acetone,  an-  di 
oxanc.  was  obtained  I:  melted  at  12C-1  S*  (wirheut  the  separation  of  carbon  dioxide).  An  0.1  N  solution  of 
iodine  waj  not  titrated  (reaction  for  the  absence  of  a  thiazolidine  ring). 


After  a  prolonged  storage  in  the  vacuum  desiccator  over  sodium  hydroxide.  0.2  g  of  the  substance  was 
dissolved  in  2  ml  of  water,  and  the  solution  heated  on  the  boilmg  water  bath.  The  separation  of  carbon 
dioxide  was  not  observed  (absence  of  clouding  in  a  barium  hydroxide  solution.). 


O.CeSb  g  substance:  5.1  ml  0.1  N  NaOH.  Found'/;:  CC^-groip  24.03.  CitH|oO,N,S 
Calculated^:  COj- groups  23.68. 


Dibenzvlamico  Salt 


Z.Z  g  of  c-bencoy!amino-5“S(N-aceiylpenicillamine)acrylic  acid  was  dissolved  in  5  ml  of  acetone  and 
0.2  g  cf  benzylamine  was  added.  A  white  crystalline  residue  separated  rapidly,  which  was  filtered,  dissolved 
in  2  ml  of  alcohol,  and  after  the  addition  of  b  ml  of  acetone,  it  was  left  to  crystallize.  Colorless  spherical 


crjstals  cf  needles  with  m.p.  148-150*  (with  decomp  ). 


4.168  mg  rubstance;  &.599  mg  CO^:  2.7j2  mg  HiO.  3.914  mg  substance:  8.895  mg  CQ|; 
2. 258  mg  H,0.  7.210  mg  rubstance:  0.57S  ml  N,  (21*.  736.6  mm).  Found  «^:  C  62.28, 
62.22:  H  6.34,  6.5-,;  N  9.03:  S  5.42.  C3iH,PtN4S.  Calcula' .d  C  62.58;  H  6.44; 

N  9  42;  S  5.38. 


Phe  nyl  pe  n  ic  i  Home  Acidt-lydrochloride  (XIII) 

0.3  g  of  S(2-phenyl-5-oxazolonemerhylene-4)-N-acetylpenicillamine  was  heated  for  3  hours  on  the  boil¬ 
ing  water  bath  with  5  ml  of  1.5  >'  hydrochloric  acid.  Reaction  was  accompanied  by  the  separation  of  carbon 
dioxide.  Upon  cooling,  coarse  crystals  separated.  T.hey  were  dissolved  in  a  small  amount  of  boiling  water,  the 
solution  treated  with  carbon,  and  filtered.  Upon  the  acidification  cf  the  solution  with  concentrated  hydrochloric 
acid,  phenylpenicilloiric  acid  hydrochloride  with  m.p  215-21C*  (with  decomp)  crystallized  rapidly.  It  did  not 
give  a  depresuon  in  melting  pomt  with  an  authentic  sample  prepared  from  penicillamine  hydrochloride  and  the 
diethylacetal  of  formylhippuric  acid. 

Phenylpenicllaiiac  acid  hydrochloride  was  also  obtained  upon  heating  a-benzoylamino-j= -S(N-acctyl- 
penicillaraine)acrylic  acid  (X)  and  its  amide  (XIV)  with  2  N  hydrochloric  acid, 

SUMMARY 


1.  4-Isoprop>'lidene-2 -phenyl -5-oxazolone  and  4-acetothiomethylene-2-phenyl-5-oxazolone  were  formed 
by  the  action  of  acetic  anhydride  on  S(2-phcn>i-5-oxazolonemethylene•^)-N-benzoylpenicillamine.  It  was  pro¬ 
posed  that  the  reaction  proceeds  through  a  stage  of  the  formation  of  an  unstable  compound  with  two  oxazolone 
rings  which  very  easily  split  mto  two  unsaturated  oxazolones. 

2.  It  was  shown  that  when  the  oxazolone  ring. is  closed,  the  substance  tends  to  be  convened  into  a  mote 
stable  system  with  conjugated  double  bonds.  Some  examples  are  cited  from  the  literature. 

3.  A  mechanism  was  given  for  the  transformation  reaction  of  S(2-phenyl-5-oxazolonemethylenc-4)-N- 
acetylpenicillamine  into  phenylpenicilloinic  acid  hydrochloride. 
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Laboratory  of  Heterocyclic  Compounds. 

The  S  Ordzhonikidze  All-Union  Scientific 
Chemico-Phaimaceutical  Research  Insutute 


INVESTIGATION  OF  IMIDAZOLE  DERIVATIVES 


V  AMPHOTERIC  CHARACTER  OF  BENZIM'DAZOLE  DERIVATfV'ES 
AND  THEIR  T ALTOMERIC  TRANSFORM.! ATIONS  [1] 

L  S  Efros  and  B  A  Porai-Koshits 

In  or.e  of  the  previous  communicatiors  P]  it  was  proposed  that  the  ease  of  tautomeiic  iratuform^iions 
of  benzimidazole  derivatives,  which  was  found  by  a  senes  of  investigations  [3]  and  occurs  according  to  the  fol¬ 
lowing  scheme . 

R 


IS  explained  b>  the  amphoteric  character  of  these  substances 

In  v/fdex  to  prove  the  p'^r^’^al  the  potent  lo  me  trie  titration  (with  glass  electrodes)  of  benzimidazole 
derisatives  was  undertaken. 

Curves  with  two  clear  potential  jumps  weie  obtained  by  the  titration  of  benzimidazole,  its  2-methyl-, 
2-phenyl,  arxi  2-benzyl  derivatives  which  ate  reported  in  the  experimental  part  of  this  paper  The  calculation 
of  the  dissociation  constant,  effected  from  these  curves  if  the  imidazole  derivatives  are  considered  as  being  only 
bases,  showed  a  considerable  disagiecment  with  the  values  calculated  from  the  hydrolysis  of  salts,  from  the  iso- 
electrit  point,  and  from  the  half  equivalent  point  This  disagreement  exceeds  by  many  times,  the  possible  ex¬ 
perimental  error  (Table  1)  and  showed  that  benzimidazole  derivatives  are  not  to  be  viewed  as  only  being  bases. 
For  this  reason,  a  recalculation  was  made  censtdering  these  compounds  to  be  amp'>>Tciic  By  finding  the  acidity 
constant  of  the  benzimidazole  detivaiives  from  the  h>-drolysis  of  the  alkali  salts  and  the  corresponding  half 
equivalent  points,  and  considering  that,  at  the  isoelectric  points,  these  substances  exist  in  the  form  of  salts  formed 
by  weak  acids  and  ba«es,  basic  constants  were  calculated  and  agieed  within  experimental  erroi  with  the  results 
of  the  calculations  by  means  of  oihei  points  in  tlic  curve  (Table  1) 

TABLE  1 


1 

Substance  - 

investigated 

ICalculated  constants  without  account¬ 
ing  for  the  amphoteric  properties 

’  Calculated  constants  taking  into  account 
amphoteric  properties 

1 

Ba«icitv 

'  Ba'^icity 

1 

Acidity 

by  hydrol¬ 
ysis  of  the 
salt 

j  by  the  isoel-  ' 
eciric  point  , 

’  i 

by  the  half 
equivalent 
point 

by  hydrolysis 
of  the  salt  and 
half  cquiva- 
1  lent  point 

*  by  the  i^- 
t  electric 

point 

by  hydrolyas 
of  the  alkali 
salt  and  half 
equiv  point 

Benzimidazole 

10’*  * 

10'**  « 

io-*‘ 

10’” 

iio'*^* 

10*“’ 

2-M  eihylbenzimidazole 

10-*  • 

10“"* 

lO*** 

10’*^* 

1  10'” 

1  10**” 

2-PhenylbenzL-mdazoIe 

10“** 

,  1C‘*  * 

10-’* 

10*’* 

10*’* 

1  10*“  » 

2 -Be  nzylbenz  imidazole 

10-*» 

' .  i 

10’” 

lO"’-’ 

,10*”  1 

1  1 

1  10*“’ 

This  agreement  proves,  therefore,  that  the  benzimidazole  deruatives  being  studied  are  actually  ampho¬ 
teric  substances;. 


Nevertheless,  it  seemed  desirable  for  comparison  and  for  proof  of  the  correctness  of  the  chosen  method, 
to  effect  potentio.metric  titrations  of  such  imidazole  derivatives  in  which  the  hydrogen  in  the  imino  group  was 
substituted  by  an  organic  radical  It  is  clear  that  tlicsc  compounds,  in  contrast  to  the  previously  studied,  must 
only  possess  basic  properties. 

Upon  the  potentiomeiric  titration  of  the  N-.^ -cyanocthylbenzimidazole  (I)  synthe5izcd  and  its  2-meihyl 


NH 


/ 


/■ 


N. 


NH 


C-Rj 


derivative  (II),  curves  were  obtained,  given  in  Figj.3  and  4.  with  two  clear  potential  jumps,  the  distance  between 
which  strictly  corresponded  to  one  equivalent  of  alkali.  Ihe  calculation  of  the  basic  constant  of  these  compounds, 
as  was  expected,  pave  complete  agreement  of  the  values  found  with  hydrolysis  of  the  salt,  the  isoelect-ic  point, 
and  the  half  equaaLnt  point  which  indicated  the  absence  cf  amphoteric  properties  in  N-rubstituted  benzimidazole 
derivative^  and  at  :he  same  tune  proved  the  correctness  of  the  chosen  methoo  (Table  2). 

In  order  more  completely  to 
know  the  basic  and  acidic  properties 
of  benzimidazole  derivatives,  and  the 
effect  of  various  substituents  on  these 
I^operties,  a  potentiometric  titration 
was  conducted  for  a  series  of  other 
compounds  of  this  group.  The  results 
of  these  titrations  are  given  in  Table  3. 

It  is  apparent  from  Table  3, 
that  substituents  found  In  position  2 
have  a  noticeable  effect  on  the  basic 
constants  of  benzimidazoles,  and  they  are  arranged  In  the  following  series  in  the  order  of  decreasing  V  -sic  con¬ 
stants: 

N(CH,),.  CHj-Cl^-CjHs.  CH,.  CH,OH.  H.  CH=CH-C,H^  C1^-C*K,,  CjH,.  CHjOCtXH,.  Cl 

N 

- - - - - ^ 

Substituents  in  position  5  (6)  are  arranged  in  the  following  series,  correspondingly; 

MH,.  CH,.  H.  NO^. 

These  obseivations  found  a  simple  interpretation  upon  examining  the  salt-forming  reactions  of  benzimi¬ 
dazole  derivatives: 


It  is  evident  that  'he  benzimidazole  derivatives  will  be  more  basic,  the  greater  the  stability  possessed  by 
the  cation  formed.  The  stability  of  this  cation  depends  on  how  equally  distributed  the  positive  charge  is  within  it, 
and  the  substituents. 

Therefore,  if  the  substituents  contributes  to  the  equalization  of  the  elecuon  density  in  the  ion,  repelling 
electrons  from  Itself,  it  increases  the  basicity  of  the  compound;  by  the  reverse  action,  on  the  other  hand,  ihc 
basic  constant  is  decreased.  From  the  above  it  is  seen  that,  in  the  previously  reported  series,  the  substituents 
placed  to  the  left  pf  H  repel  electrons,  t^  the  right,  attract.  Among  the  compounds  studied  with  substituents 
in  position  2,  the  maximum  electron  repulsion  activity  is  possessed  by  the  dimethylamino  gT^oup,  the  basic  con¬ 
stant  is  increased  100-fo!d;  the  maximum  reverse  effect  is  possessed  by  chorine  which  decreases  this  constant 
1000  times. 

As  it  was  expected,  the  CHj  group  poiescs  a  weakly  expressed  electron  repelling  action.  This  action  is 
weakened  by  the  introduction  of  an  alcoholic  hydroxyl  group  into  it,  and  it  becomes  electron  attracting  after 
the  inuoductlon  of  an  alkyl  residue  into  it.  The  phenyl  residue  attracts  electrons,  but  its  effect  is  weakened  if 
an  intermedUte  CH,  is  put  in.  and  completely  disappears  if  the  phenyl  radical  is  separated  from  the  ring  by  a 
chain.  Conversely,  if  the  phenyl  radical  is  separated  ftom  the  riig  by  two  carbon  atoms  with  a 
double  bond  through  which  conjugation  is  possible,  its  electron  attracting  action  is  retained.  Substituents  found 

In  position  5,  analogously,  affect  the  basicity  of  the  benzimidazoles  by  means  of  system*  of  conjugated  double 
bonds. 


’  Calculated  basic  constants 

Substance 

obtained 

^  By  hydrolysis 

1  of  the  salt 

i 

•  By  the  iso-  | 
i  electric  point 

1 

I  By  means  of 
the  half  equi¬ 
valent  point 

l-Cyanoethylbenzlm-  I 

idazole  ! 

lo-*-’  i 

i 

1 

'  10'“ 

1 -Cya  noethyl -2- 
m  ethylbenz  im  Idazole 

1 

lo'*-* 

! 

1 

i 

Starting  from  the  above,  certain  theoretical  conclusions  can  be  dravai  on  the  possible  mechanism  of  the 
tautometric  iransformations  of  these  cc.npounds  resulting  from  their  amphoteric  properties. 


T^BLE  3 

Baiicity  and  Acidity  of  Compounds  of  the  Genetal  Formula 


KH 

\  / 

'  V 

N 


No. 

R 

Ri 

R| 

X-basic 

1  K-acidic 

1 

H 

H 

H  • 

2 

H 

H 

OH 

10-U.4 

10-“-* 

3 

H 

H 

a 

1  10-« 

4 

H 

H 

N(OH,), 

10*^« 

5 

H 

H 

CH, 

ll)'*’-* 

10-^* 

C 

H 

N 

CH,OH 

lO"*-* 

7 

H 

H 

CHjOCOCH, 

lO'*-* 

10-“-* 

8 

H 

H 

Cl^NfC^H,), 

10‘«-‘ 

10-a.« 

‘i 

H 

H 

C«H,  /  \ 

lo"*-* 

10-“-* 

10 

H 

H 

10-“-* 

10*“- ‘ 

H  1 

11 

« 

H 

CH,-Crt 

lo-*-* 

10*“-* 

12 

H 

H 

CH,C1^C,H,  i 

10”-^* 

13 

H 

H 

CH=CH-C,H,  i 

10-“-* 

14 

NO^ 

H 

H  ! 

lo-**** 

10-“-* 

16 

NH, 

H 

H  J 

10“^-* 

10-“-* 

\ 

j 

16 

CH, 

H 

CH,  I 

1 

10-“-* 

17 

H 

CH,  .  1 

10’^^  1 

10-ti.» 

18 

NO^ 

N(\ 

CH,  1 

lo-u.*  : 

10-*-* 

19  . 

NH, 

NH, 

CH,  .  1 

ID-*-*  i 

10"“-* 

1 

i 

t 

! 

20 

CH, 

H 

CH,-C,H,  1 

1 

10'* 
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I  The  lirst  baiic  consunt.  evidently,  is 
j  due  to  the  diethylamino  group. 

*  One  of  the  basic  consunts.  evidently, 
^ I  the  second.  i»  due  to  the  cltiogen  of 
the  pyiidire  ring. 


I  Tne  second  basic  constant  roust  be  due 
I  to  the  aroino  group 


'  The  second  and  tnud  basic  constants 
'  are  due  to  the  aroino  groups 


Because  of  these  properties,  tautomeric  transformations  of  benziroidazoie  derivatives  can  occur  in  acidic 
media,  where  the  substances  behave  as  bases  and  form  the  same  cation  with  an  eq<raiized  electron  density  by 
the  addition  of  a  proton  to  either  one  of  the  tautomers:  _ 


a 


D> 


'o,:> 


as  well  as  in  alkaline  media, where  they  show  acidic  properties  by  the  ionization  of  a  hydrcgen  ion  to  form  a  com¬ 
mon  anion  for  both  the  tautomets:  “  & 

•aS- 

However,  particular  artentlon  is  meriied  by  the  behavior  of  benzimidaaole  deiivatives  at  the  isoelectric 
point,  in  which,  as  it  is  shown  above,  these  compounds  form  salts  of  weak  acids  and  weak  bases. 


It  could  have  been  supposed  that,  like  ammo  acids,  these  salts  are  intramolecular  and  have  the  following 
structure:  ^ 


But  n  the  aniioo  acids,  as  is  known,  the  canicr  of  the  basic  properties  Is  the  amino  group,  and  the  acidic, 
the  carboxyl,  whereas  in  benziitiidacole  derivatives,  the  basic  and  acidic  properties  as  a  result  of  the  effect  of  ^ 
conjugation,  canno:  be  assigned  to  separate  nitrogen  atoms  and  are  determined  by  the  structure  of  the  molecule  as 
a  whole  For  this  reason,  die  intramolecular  amphionic  structure  of  the  salts  appeared  to  be  scarcely  probable.  It 
Is  believed  that  these  salts  are  formed  as  a  result  of  the  inietmolecular  reaction  and  corisist  of  the  jireviously  repre¬ 
sented  cations  and  anions  Their  formation,  evidently,  must  occur  according  to  the  following  eqailibrium  reaction, 
in  which  one  molecule  of  the  benzimidazole  derivative  acts  as  ba«.  the  other  as  an  acid.  ^ 
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It  could  have  been  thought  that,  in  the  presence  of-equimolecular  quantrres  of  the  different  benzimidazole 
derivatives  in  the  solution  which  differ  considerably  from  each  other  in  the  degree  of  acidity  and  basicity,  these  (if, 
as  it  was  thought,  they  were  intermolecular)  must  be  formed  from  the  cation  of  the  more  basic  benzimidazole,  and 
the  anion  of  the  more  acidic  compound.  These  conditior.s  could  be  achieved  by  the  p.ope'  choice  of  the  starting 
substances  by  means  of  pH  measurement  of  the  solutions  obtained. 

In  order  to  solve  this  problem,  pairs  of  compounds  were  chosen  from  the  data  in  Table  3.  the  iiivesttgation 
of  whose  solutions  could  give  an  answer  to  the  given  problem. 

Accurate  samples  of  these  subitances  (0.001  mole)  were  dissolved  in  40^v  ethyl  alcohol,  the  pH  of  these 
solutions  was  measured,  and  the  solutions  were  combined  in  pairs  and  the  pH  of  the  resulting  solution  measured 
once  more.  The  results  found  were  compared  with  the  calculated  (Table  4) 

It  is  apparent  from  Table  4,  that  the  pH  of  solutions  obtained  by  the  combination  of  the  chosen  benzi 
midazole  derivatives,  within  the  limits  of  error  of  measuiemer  coincide  with  the  values  calculated  for  salts 
formed  according  to  the  above  equations. 

TABLE  4 


Staning  point 

■ 

K 

Basic 

K 

Acidic 

pH  of  starting 
solution 

T“ - - 

pH  of  combined 
solution 

Found 

1  Calculated 

1 

Found 

calculated 

for  miermo 

lecular  salts 

I  2  Methyl- 

-  , 

benzimidazole  .  .  . 

10‘*  * 

8  0 

!  8.1 

1 

] 

i 

5.6 -Din  ill  0-2- 

i 

> 

7  7 

7  7 

meihylbenzimi- 

1 

dazole  . . 

10-u.t 

lO-'-" 

6.3 

6.25 

II  2,5-Dimeihyl-  I  j 

benzimidazole...  lO"^*  |  8.6  8.6  '  I  ' 

2<lhl6robenzi-  >  7  8  j  7  8 

.midazole .  IQ-*'  j  6  2  |  6,1  ,  ‘  j 


These  results,  therefore,  confirmed  the  existence  of  the  p’oposed  equilibiium  reaction  occurring  at  the 
oeiectric  point  The  existence  of  such  an  equilibrium  must  hir.de:  the  separation  of  desmot  opic  benzimida- 
3le  derivatives  at  the  isoelectric  point.  -  As  for  the  acidic  and  basic  media,  xr  these,  as  is  apparent  from  the 
30V2.  die  separation  of  separate  uutomers  is  practically  impossible. 

This  summary  explains  the  reason  for  the  lack  of  success  of  all  investigators  who  ned  to  separate  desmo 
opic  forms  of  benzimidazole  derivatives  [8],  The  maLn  reason,  as  the  author  bcl-cves,  is  found  in  the  amphoteric 
laractet  of  these  substances. 

The  simihesis  of  the  majority  of  the  benzimidazole  derivatives  used  Ir  the  investigat  or,  has  previously 


It  may  be  assumed  that  this  equilibrium  reactior,  in  whose  equation  water  does  .not  participaie.  can  also 
cur  in  non-aqueous  media,  this  was  proved  ,  for  example,  by  the  p-esence  of  molecular  association  of  ben 
midazole  derivatives  in  naphthalene  solutions  (7). 
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been  described  In  the  literature.  A*  for  the  hi> derivatives  described  previously,  the  cyano-ethylation  [4]  of 
bet:ztn:kia:ole  derivatives  was  studied  as  a  means  of  preparing  them*  which,  according  to  one  patent,  can 
occur  by  the  reaction  of  benzimidazole  with  acrylonitrile  in  the  presence  of  sodium  ethylate  pl  It  was 
foz^d.  bcwever.  that  this  reaction  did  not  occur  under  the  conditions  reported  in  the  patent;  the  desired  com¬ 
pound  of  strucn^re  I  could  only  be  obtained  when  trimethylphenylammonium  hydroxide,  as  recommended  by 
V.  M.  Rodionov  and  Yartseva  JpJ.  was  used  as  the  catalyst.  In  the  presence  of  this  catalyst,  the  reaction  went 
in  the  cold,  and  cyanocibylbenzimidazole  was  obtained  in  good  yield,  whose  structure  was  confirmed  by 
reactions,  elemectary  analysis,  potcntiometric  titration,  as  well  as  by  hydrolysis  with  barium  hydroxide,  as 
a  result  of  which  the  barium  salt  of  the  add  was  obuined. 


CHg— CH,— CN 


CH,— CH,-— CN 


a:>-' 


(I)  '  ~  (U) 

Cyar.octhvl  derivatives  of  2-inethylbenziroidazole  (II)  and  the  the  barium  salt  of  the  conespcmding 
acid  were  obtained  under  analogous  conditions. 

However,  here  the  cyanoethylatlon  reaction  proceeded  with  so.'nev'uat  greater  difficulty  than  in 
the  previous  case,  ia  order  to  effect  it,  for  example,  lefluxing  was  necessary. 

The  cvanoethylation  rcaciicn  could  not  be  effected  under  these  conditions  with  2-i>henyl-  and  2-benz- 
ylScnziinidazol.  The  reaction  did  not  occur,  and  the  starting  products  were  recovered  unchanged  in  all 
cases 

By  the  way.  It  is  of  interest  to  mention  that  cyanoethylbenzimidazole  (I)  and  especially,  the  acid, 
vr.>  easily  eliminate  an  acrylic  acid  residue  upon  heating  with  acids  and  bases,  and  is  converted  into  benr  ' 
zimidaacle.  The  corresponding  derivative  ot  2  -methyibenz imidazole  are,  on  the  other  hand,  considerably 
mere  stable  substances  which  could  not  be  cleaved,  even  by  prolonged  heating  with  20^  hydrochloric  acid 
in  a  sealed  tube  at  2u0*. 

EXPERIMENTAL 

L  Pole ntiome trie  Titration  of  Benzimidazole  Derivatives 


The  potcntiometric  titration  of  benzimidazole  derivatives  was  conducted  with  a  vacuum  tube  po¬ 
tentiometer  of  the  system  GlPKh  with  glass  electrodes.  The  latter,  after  preparation,  were  washed  In  hydro¬ 
chloric  acid  and  calibrated  with  accurate*  standard  buffer  solution.  The  straight  line  relation  between  the 
conditional  milii  voUs  and  tlie  pK  of  the  solution  obtamed,  enable  the  concentration  of  the  hydrogen  ions 
to  be  founo  at  any  point  of  the  curves  obtained.  Inflection  pomts  on  the  curve  were  found  by  the  graphic 
method  of  constructing  targents  and  vere  checked  by  calculation.  In  this  way,  points  designated  on  the  curves 
by  the  rrumbers  1  and  2  were  founds  between  which,  in  all  cases,  only  1  equivalent  of  alkali  had  been  consumed. 
In  order  to  find  pcint  3,  a  section  was  laid  off  on  the  absicissacequal  to  the  distance  between  point  1  and  2,  and  a 
perpendicular  was  placed  from  its  end  to  an  irteisection  with  the  curve. 


>  2^3 

1  ■  ■  »-  — 

t  ^  J 

eauN/. 

Fig.  1.  Titration  of  benzimidazole. 

Fig.  2.  Titration  of  2-pbenylbenzlmidazole. 

1)  pH  3.4;  2)  pH  9.05;  3)  pH  12.5 

1)  pH  3.5;  2)  pH  8.7:  3)  pH  12.5 

•-TMs  portion  of  the  work  was  perfermed  by  K.  &  R^l. 

•  mr,.  _ ■ 

”/i 

The  calculation  of  the  dissociation  constanu  was  done  by  applying  the  usual  formulas  derived  from  the 
mass  action  laws  Here,  if  the  substance  was  considered  to  be  only  a  base,  then  at  fwint  1  it  was  looked  upon 
as  being  in  the  form  of  the  hydrochloride,  from  the  hydrolysis  of  which  was  calculated  the  basic  constant  by 
•  If  C  .  5*  .1  ‘in  1 

the  formula  K.  =  - —  At  point  2.  his  substance  was  looked  u.non  as  cj.isting  in  the  form  of 

r  rOH]^  .  ,  . 

the  free  base,  and  in  this  case,  the  basic  constaM  was  calculated  by  the  formula  Kg  -  ^  in  tne 

case  where  the  substance  was  considered  amphoteric,  the  calculation  of  the  constants  was  somevrhat  changed 

The  basic  constant  was  found  from  point  1  as  in  the  previous  case.  At  point  2,  it  was  considered  that 
the  substance  existed  in  the  form  of  a  salt  formed  by  a  weak  acid  and  a  weak  base,  and  the  basic  constant  was 

Kp  »K  a 

tound  by  the  equation  derived  from  the  hj-drolysis  of  this  salt;  Kq  = 

The  acidic  constant  (K .).  necessary  for  the  calculation  of  this  equation,  was  found  from  point  3  at 

’  ■  ■  ■  ’  •  ■  ■  ••  •.'*  t.  kb  c  . 

which  tlic  a  nphotcric  compound  must  exist  in  the  form  of  the  sodium  salt,  by  the  equation 
and  from  the  correspondmg  half  equivalent  pont. 


1  Titration  of  Benzimidazole  A  sample  of  0.158^1  g  was  dissolved  in  20  ml  of  0  1037  N  hydrochloric 
acid,  and  titrated  with  an  0.086  N  sodium  hydroxide  solution  A  curve  was  obtained  vAich  is  given  in  Fig  1. 

At  point  1:  pH  3  4.  c  4  6  10**  .  at  the  half  equivalent  point  pH  5  55.  at  point  2;  pH  9  05.  c  3  13 
at  point  3.  pH  12  5.  c  2,2  1C‘*  .  The  constants  calculated  by  both  methods  ate  given  in  Table  1. 

2.  Titration  of  2-PhenyIbenzimidazole  The  poor  stability  of  this  substance  in  water  forced  the  titration 
to  be  effected,  in  this  and  the  following  cases,  ui  an  aqueous  alcoholic  mixture,  which  practically  had  no  effect 
on  the  results  of  the  determination. 

0.2182  g  of  2-phenylbenzimidazole  hydrochloride  was  dissolved  in  102  ml  of  50^  alcohol  and  5  ml.  of  0  1 
N  hydrochloric  acid.  The  tiuation  was  done  with  0  1  N  sodium  hydroxide  solution,  and  the  curve  given  in  Fig  2 
was  obtained. 

At  point  1:  pH  3  5.  c  0  P  1C**;  at  the  half  equivalent  point:  pH  4  75:  at  point  2:  pH  8  7.  c  0  6*^  lu**; 
at  point  3:  pH  12.5.  c  0.6  •  10**.  The  calculated  constants  are  given  in  Table  1. 

The  titration  of  all  of  the  other  compounds  was  effected  in  a  similar  manner,  ihe  acidity  and  basicity 
constants  of  these  are  given  in  the  theoretical  section  of  the  -present  communication. 

IL  Cyanoethylation  of  Benzimidazole 

5  g  of  benzimidazole  and  0  5  g  of  trimeihylphenylammoniumhydrociJe  ii  an  alcoholic  solution  [6]  were 
placed  into  a  three  I'ecked  flask  equipped  with  a  reflux  condenser,  dropping  funnel,  and  thermometer,  and  were 
heated  to  30-40*.  At  this  temperature,  3  3  g  cf  acrylonitrile  (bO'Jl  excess)  was  added  gradually  and  tie  solution 

was  allowed  to  cool  and  poured  into  a  beaket  containing 
100  ml  of  water.  In  a  short  time,  crystals  of  l<yanoethyl- 
benzimidazole  began  to  form. which  were  filtered  The 
mother  liquor  had  to  be  evaporated  since  a  considerable 
amount  more  of  the  product  was  isolated  from  it.  The 
melting  point  of  the  technical  product  was  105-106*  and 
•r, creased  to  a  constant  m.p  108-109*  after  1-2  recrysiall- 
izations  from  water.  Yield  6  g.  about  83^  of  t  he  theore¬ 
tical  Colorless  needles,  readily  soluble  in  warm  alcohol. 
dilu»e  acids.  can  be  recrystallized  from  water,  benzene, 
toluene,  and  are  insoluble  in  ether  and  gasoline. 

0.1427  g  substance:  0.3658  g  COf-  0  0684  g  HjO 
0  1005  g  subsunce:  21.2  ml  1^  (21*.  762  mm)  0  0988  g 
substance;  20  9  ml  (20*.  766  mm).  Found  C  69  95: 
H  5  36.  N  24  67.  24  58.  CnH^N,.  Calculated  <Jo.  C  70.15: 
H  5  29.  N  24  54 
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Fig.  3.  Tiuation  of  1-cyanoethylbenzimidazole 
1)  pH  2.75:  2)  pH  8.4. 


TiP3t-on  of  l-cyan^thvibe'i2im>da4P?e  was  effected  in  the  same  mannei  a>  in  the  previous  cases:  0.098 
R  of  the  substance  was  dissolved  in  10  ml  of  0.1  OOT  N  hydrochloric  acid  and  liuated  with  0.086  N  sodium  hydro- 
*  ae  (Fig.  3). 

‘At  pomt  1:  pH  2.75.  c  3  8  -  ICfit  the  half  equivalent  point.  pH  4.3;  at  point  2:  pH  8.4,  c  2.5-10**,  The 
ca'iculeted  conitams  are  given  in  Table  2.  t;c::»umption  of  aUali  between  points  1  and  2  was  6.8  ml.  Found 
equivalent  weight.  166.  Calculated  equivalent  weiglit,  171. 

Tne  hydrolysis  of  the  ratrile  group  of  l-c>apoethylben2imidaaoIe  was  effected  in  the  following  manner: 

3  g  of  the  substance  was  teflexed  fo:  2  iaiu:.  with  a  solution  of  L5  g  of  barium  h>droxude,  m  50  ml  of  water, 
ir  t::aer  to  icrrovc-  the  excess  barium  .hydroxide,  a  stieam  of  carbon  o:ox:de  gas  was  passed  thiough  the  cooled 
a.;d  filtered  s  .I  Mor.,.  the  residue  was  »eina\cd.  a-.d  the  solution  was  c'.aporated  to  dryness.  4.25  g.  about  95^ 
c.  the  thecrericai.  ihv  hotun  oi  Pirunr idczoleitopioric  acid  was  obtained.  It  was  a  colorless  crystalline 
rebsUiKe  wi^i  h  could  he  c.-ystallizcd  from  a  ronce-.tiated  aqueous  solution;  the  salt  was  readily  soluble  in  alcohol. 

0,1-157  g  substance:  0.247^  g  CU|.  0.0-184  g  li,0.  0  0974  g  subsut-ce;  9  ml  N,  (21%  764  mm).  0.0879 

g  substance  .  o.0.Jy4  g  SaSO*  C.i72  •  g  substance;  0  0773  g  SaSO^  Found  C  4C.41:  H  3.71,  N  10.78; 

Ba  26.37.  io  f.2  i-  CaicuUted  C  46.57;  H  3.52.  N  10.36  Ba  25  63. 

The  cleavag"  of  l-ryanoeth>Tbci'i.iirild*zc'e  and  tr.e  corresponding  acid  obtained  ftom  it  by  the  action  of 
acids  ard  bases,  was  also  stuCied.  It  was  iou'id  that  an  heur's  boUmg  of  these  compou.ids  with  a  10^  sodium  hydro¬ 
xide  scluwon  (i  >,  Ci  .lie  substance  aua  2’,  i:'!  f-f  the  all>aiine  >olu:i.r.)  JvJ  to  the  cleavage  of  the  propionic  acid 
re»rdi  e  and  to  the  formatror  of  bt.:zir:.lda/.ule.  lue  latte:  isolated  ['•on)  the  solution  upon  evaporation  lead 

a  m.p.  168*,  and  did  uot  give  a  depression  when  mixed  w>th  the  authentic  product. 

An  hour’s  heaiLng  of  l-cyapoethylbenzlmidazole  with  a  2 Ofjl?  hydrochloric  acid  solution  led  to  the  decomp- 
osiuon  of  this  compound  and  the  formation  of  ber.2imidazole,  which  occaried  very  rapidly  by  means  of  an  inter-  - 
mediate  hydrolysis  o;  the  nitrile  gi^oup  ard  the  fotmatnn  of  the  corresponding  acid. 

111.  Cyaiioerr.ylatiou  of  2  Methvllv‘'uur..dazole.  2  g  of  2  methylbenzimidazole.  0.2  g  of  trimethylphenyl- 
am:iic.'t:..in  hyd  oxide  in  alcoholic  sslution,  ard  4-5  ml  of  ethyl  alcohol  were  placed  into  a  flask  equipped  with 
reflux  condenser  and  dropping  funnel,  heated  to  botlirg.  ard  1.2  g  of  acrylonttUe  was  added  gradually  to  ic  it 
was  boiled  fci  1  hour  mote.  After  cooling,  the  solution  was  poured  irao  20-30  ml  of  water.  Someitmes  a  precip¬ 
itate  formed  after  several  hours,  sometimes  only  after  24  hours  of  stariduig;  m.p.  52-53*.  it  iiKreased  to  55-66* 
afiei  lecrystallization  from  water.  The  pioduct  conulned  water  of  ciyrallization  which  was  removed  on  drying  ‘ 
in  a  vacuum  desiccator  for  several  days.  The  ineltL'ig  point  of  the  sub>tanv.e  then  incteased  to  89-90*.  Yield, 

1.9  g  which  was  cf  the  thieoietical. 

l“Cyanoeihyl-2-freihylben2imtdazole  w-»  a  coloMess  substance  which  'ectyriallued  from  water,  benzene, 
and  toluene,  was  readily  soluble  in  altohol,  and  msoluble  ir  ether. 

0.1241  g  substance;  0  32^1  g  Cl\.  0  0679  g  H,0.  0.1002  g  substance:  19.6  ml  Nj  {24*.  764  mnf. 

Found C  71  27,  H  6.12.  N  22.61.  Calculated^.  C  71.33.  H  5.98.  N  22.69. 

The  titration  of  l-<vat.oe»hvl-2  mctfiylbcrzjmjdazole  w«s  conducted  as  m  the  previous  cases:  0.1240 
g  of  the  substance  was  du'^olveo  in  20  ml  of  0.1  N’  hydrochloric  acid  solution  atid  titrated  with  0.1  N  sodium 
hydioxide  solution  (Fig. 4). 

Poinr  1;  pH  3.75,  c  1.9-  10  ]  half  equivaicnt  pomt;  pH  5.7;  point  2;  pri  8.95,  c  l.S  lo**. 

The  calculated  coiuta.nts  are  given  in  Table  2.  TTie  co.nsumption  of  alkali  between  points  1  and  2  was 
6.8  ml.  Equivaleiit  weight  found,  182.Cj|H£jN;.  Calculated  equivalent  weight.  185. 

The  hydrolysis  of  the  nitro  group  of  this  compound  was  effected  In  the  following  marmer:  1.6  g  of  the 
nitrile  was  refluxed  in  a  solution  of  1.5  g  of  barium  oxide  in  50  ml  of  water  for  2  hours.  The  isolation  of 
the  barium  salt  of  the  acid  was  effected  in  the  same  mariner  as  m  the  previous  case.  Us  yield  was  1.9  g. 
about  86^  of  the  theoretical.  The  salt  was  purified  by  piecipiiatiop  with  acetone  ftom  ar.  aqueous  solution. 

0.1138  g  substance:  10.2  ml  Mg  (20*.  7o6  mm).  0.0832  g  substance.  0.0355  g  BaSQ^,  found  %  N 

10.52.  Ba  25  12  CnHuOyNgBa,...  Calculated  •ft:  N  10.33;  Sa  25.26. 


As  ir  the  p:eviou$  case,  the  stability  of  the  products  obtained 
upon  treatment  with  acids  and  alkali  was  studied.  -i  was  fouid  that 
heating  these  compounds  with  10  20,  and  30^  hydrochlorx  acid,  ard 
even  heating  for  2  hours  at  200* ••  in  a  sealed  tube  d.d  ot  lead  to  cleav 
age  of  the  p'^opronic  acid  a^d  forma*'.o"  of  2  rrethylbcnzimidazole 


were  fo 

Fig.  4.  Titration  of  l-cyanoeihyl-2-  and  am 
methylbcnz  Im  id  azole. 

1  -  pH  3.75.  2  -  pH  8.95 

by  the  action  of  acrylonitrile  upon  benzLmidazole 
substances,  did  not  possess  acidic  properties,  and  v 


N  Cyanoethyl  dc  vat  ves  of  these  rorrpcu'ds  we»e  obtained 
s  2  methyl  derivative  whxh,  ir.  c''r.t  ar.  to  the  suttirg 
'Illy  bases. 
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SYNTHESIS  OF  QUINUCLIDINE  -2-  CARBOXYLIC  ACID 


M,  V.  Rubtsov  and  M.  I.  Dorokhov^. 

One  of  tm*  sL'uctural  pans  of  the  quiaure  alkaloids  is  the  quLnuclidine  ting  which  is  a  bicyclic  system 
of  ihf  iwlowiag  structure: 

CH  v  T.<e  symhciii  of  quinuclidme  was  accomplished  in  19C’9  [ll  Certain  of  us  homologs 

J...  '  conummg  alkyl  (methyl,  ethyl)  groups  in  position  2  [2]  or  3  of  the  quimiclkiixje  ring 

^  r  ;  [3]  have  aiio  been  reported, 

C  CH:  CH# 

“*  ^  ’  The<e  coropofnds,  however.  a»^e  of  limited  interest  sirce,  as  a  result  of  tbeii 

N  _  complicated  synthesis,  they  cannot  serve  as  starting  material  for  the  preparation  of 

qj:nuc!idi;ie  derivatives. 

Ir.  H-3"  a  synthesis  of  qutruclk?ine-2 -carboxylic  acid  was  reported  [4]  which  was  accomplished  in  12 


0>-i~’**clidi;ie>2-ca.'boxylic  a^id  can  serve  as  an  exceilc.nt  starting  material  for  the  preparation  of  various 
q-rruchdinc  deriv.Tti'.es.  However,  tl'iC  given  niethod  of  synthesis  is  so  co.mplex  that  this  interesting  coapoimd 
m-s:  be  viewed  as  poorly  availaole. 

A  new.  simpler  method  for  the  preparation  of  quinaclidine-2-carboxylic  acid  was  developed,  which  was 
accc.nplished  in  f*  stages  according  to  the  following  scheme: 


CH,“-COH 


^COOCjH, 

^ccxx:,Hj 


% 

XOOCjHj 

CH,~CH^^ 

(lU)^”* 

ClH  ^ 

'NH 

I 

ccxx:,Hj 

CHjCBr^ 

\:oor,H. 

CH.  CH, 

!  1 

CH,  CH, 

''v  y 


^CH.^ 

Cl^ 


/ 

r 


COeX^H, 


CH=Cv 


j  COOC,H, 

(II)> 


CH,  ,C<^ 


COOCjH, 


i 


.COOCjH,  I  *  I 


CH,  CH— COOH 
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y-Picoline  and  mesoxalic  ester  served  as  the  starting  product.  In  place  of  pure  y-picolme,  a  6-picoline 
fraction  purified' from  2.6-lutidine  and  consisttng,  approxL-rately,  of  60^  S-picoline  and  ypicoline  was  used. 
Since  £-picoline  is  unable  to  react  with  the  carbonyl  group  its  presence  could  not  affect  the  course  of  the  process 


essentially, as  it  participates  as  a  solvent. 

Upon  the  condensation  of  y-picolint  with  mesoxalic  ester  in  the  presence  of  piperidine  acetate, 
dicarbethox>— 5-hydroxyethyl)-pyridine  .'!)  is  formed  in  a  yield  of  30 ^of  theory  based  on  the  mesoxalic  ester. 
Compound  (I)  dehydrates  and  is  transformed  into  4-(£,5-d;carbethoxyvinyl)-pyridine  (II)  upen  heating  with  ace¬ 
tic  anhydride  in  a  yield  of  7^*7*  based  on  (I)  and  about  247o  based  on  mesoxalic  ester. 

Later  it  was  found  that  the  eth>Iene  derivative  (II)  could  be  obtained  in  a  better  yield  (30.^)  and  in 
Dne  stage  directly  from  y-picoline  and  mesoxalic  ester  if  the  reaction  is  conducted  in  an  acetic  anh>’dride 
nediuro. 

Upon  the  catal>tic  hydrogenation  of  the  ethylene  derivative  (II),  4-(6,6-dicarbeihoxyethyl)-piperidtne 
[III)  was  obtained  which  was  transformed  in  good  yield  (95^)  into  4-(S,6-dicarbethoxy-S*bromoeihyl)-piperidine 
[I\^  by  the  action  of  bromine  in  a  chloroform  medium.  The  latter  cyclizes  upon  heating  with  pyridine  to  form 
;he  diethyl  ester  of  quinuclidine"2.2-dicarboxylic  acid  (V)  in  a  75^  yield.  This  compound  is  a  colorless  oil 
joiling  at  153-155*.  (19  mm). 

Upon  heating  with  concentrated  hydrochloric  acid,  a  saponification  occurs  with  a  simultaneous  decar- 
loxylation,  and  quinucl!dine-2-carbox>’lic  acid  is  formed  almost  quantitatively. 

The  yield  of  quinuclidine-2 -carboxylic  acid  in  tlie  form  of  the  hydrochloride  *s  20^  of  theory  based  on 
he  mesoxalic  ester.  2-Bromoquinuclidine  is  formed  by  the  action  of  bromine  on  the  silver  salt  of  quinuclidine 
rarboxylic  acid.  The  amide  and  nitrile  were  obtained  from  quinuclidinecarboxylic  acid  by  means  of  the  acid 
:hloride. 

EXPERIMENTAL 

4-(g,fi-Dicarbethoxy-c-hydro'xyethyl)  pyridine  (I) 

200  g  of  the  fi-picoline  fraction  purified  from  2.6-lutidine  was  heated  with  100  g  of  mesoxalic  ester 
ind  2  g  of  piperidine  acetate  for  12  hours  at  100*.  The  fi-picoline  was  removed  in  vacuum  at  the  end  of  the 
leating,  xylol  was  added  twice  to  the  residue  followed  by  its  removal  in  vacuum  in  order  to  remove  the  traces 
>f  fi-picoline  completely.  The  condensation  product,  a  ductile,  brown  mass,  wasdbsolved  in  400  ml  of  ether 
ly  adding  the  latter  in  small  portions  (50-70  ml)  with  stirring.  After  30-40  minutes,  a  reddish  tarry  mass  began 
o  separate  from  the  solution  The  solution  was  left  to  stand  overnight  for  complete  removal  of  the  tars,  the 
olution  was  then  decanted,  and  the  ether  was  distilled  to  ^  of  the  initial  volume.  The  crystaline  residue 
which  formed  was  filtered  and  washed  with  a  small  amount  of  ether.  The  mother  liquor  separated  a  tarry 
■rown  mass  upon  further  evaporation:  for  this  reason  it  was  treated  in  the  following  manner:  it  was  acidified 
with  alcoholic  HCl  to  Congo,  the  hydrochloride  which  separated  was  filtered,  dissolved  in  water,  and  treated 
with  a  sodium  carbonate  solution  to  a  weakly  alkaline  reaction.  The  crystals  which  separated  were  filtered. 

•  ashed  with  water,  and  combined  with  the  first  fraction.  The  substance  crystallized  from  ether  in  the  form 
if  colorless  prisms,  and  melted  at  79-80*.  According  to  analysis,  it  was  4-(0,6-<licarbethoxy-8-hydroxyethyl) 
lytidine  Yield  46  g.  or  30^  of  the  theoretical  based  on  the  mesoxalic  ester. 

3  ^5  mg  substance:  8.516  mg  CC\;  2.240  mg'H,0.  6.113  mg  subsunce;  0.290  ml  (24.5*.  732.8 
nm)  Found  C  68.58,  H  6.32:  N  5.25.  CuHjtO^N  Calculated  C  58.40;  H  6.41:  N  5.24. 

The  substance  is  readily  soluble  in  chloroform  and  alcohol,  nniderately  in  hot  gasoline  and  in  ethec: 
c  is  insoluble  in  water. 

4-(£.fi-Dicarbethoxyvinyl)  pyridine  (II) 

This  compound  was  obtained  by  the  dehydration  of  4-(8.fi-dIcarbethoxy-fl-hydroxyethyl)-p>-Tidine  by 
jeans  of  acetic  anhydride,  as  well  as  the  condensation  of  mesoxalic  ester  with  »  -plcoline  in  the  presence  of 
icetic  anhydride. 

a)  A  mixture  of  10  g  of  4-(  fi.fi -dicarbethoxy-5-hydroxyethyl)-pyridinc  and  20  ml  of  acetic  anhydride 
ere  heated  for  2  hours  at  115-120*  In  a  flask  equipped  with  calcium  chloride  tube.  The  acetic  anhydride 
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formed  during  the  reaction  were  removed  in  vacuum  on  the  water  bath,  and  the  residue  was  distilled  at  5  mm 
and  a  fraction  boiling  at  162-164  was  collected.  Yield  7.3  g  or  7&<5[}Of  the  theoretical.  The  substance  was  a 
colorless  oil  readily  soluble  in  water. 


d*4  1. 1583;  n  1.51 76.  MRjj  65.12,  C13H15O4N.  Calculated  MRjj  65.18. 

3.621  mg  substance:  8.325  mg  CC^:  1.&64  mg  1^0.  3  280  mg  suDstance:  0.412  ml  N,  (23*.  736  mm). 

Founds  C  62.70;  H  6.04:  N  5.56.  C„Hu04N,  Calculated^:  C  62.62;  H  6.07;  N  5.62. 

The  hi'drochloride  was  formed  by  the  action  of  an  alcoholic  solution  of  hydrogen  chloride  on  an  ether 
soluuon  of  the  base  in  the  form  of  a  snow  white  powder melting  at  180-182*.  t  is  readily  soluble  in  water, 
chloroform,  and  in  hot  alcohob  it  is  insoluble  in  ether. 

3.302  mg  substance:  6.651  mg  CC^;  1.735  mg  H,0.  8.632  mg  substance:  0.382  ml  N,  (18*  751  mm). 

Found  o}o  :  C  54.93:  H  5.88:  N  5.05.  qjH|504N-  Ha.  Calculated  :  C  54.63:  H  5.o5.  N  4  90. 

b)  A  mixture  of  17.4  g  of  the  6-picoline  fraction,  purified  from  2.6-lutidine,  17.4  gof  mesoxalic  ester 
and  17.4  g  of  acetic  anhydride  was  heated  for  9  hours  at  90*  in  a  flask  equipped  with  a  calcium  chloride  tube. 
Then  the  f.-picoline,  acetic  acid,  and  excess  acetic  anhydride  vere  removed  in  vacuum  on  the  water  bath,  and  the 
residue  was  distilled  at  5  mm:  a  fraction  boiling  at  155-170*  was  collected.  9  g  of  a  yellowish  oil  was  obtained 
which  was  redistilled  at  the  same  pressute.collecting  a  fraction  boUing  at  162-164*.  Yield  7.6  g  or  30.5‘?iof  the 
theoretical 

4  (5.£-Dica;bethoxyethyl)-piperidine  (HI) 

20  g  of  4-<^ ,D-dicarbethoxyvinyl)p>Tidinc  was  mixed  with  150  ml  of  absolute  alcohol.  0.8  gof  platinum 
oxide  added,  and  subjected  to  hydroiie nation  under  a  pressure  of  40-50  cm  of  a  water  column.  The  hydrogenation 
was  completed  within  15-20  hours.  The  catalyst  was  filtered,  the  filtrate  evaporated  to  dryness  in  vacuum,  the 
crystalline  residue  was  dissolved  in  30-35  ml  of  chloroform  by  beating,  and  precipitated  by  the  addition  of  5  parts, 
by  volume,  of  dry  ether. 

Colorless,  microscopic  prisms,  readily  soluble  in  water,  alcohol,  and  chloroform;  m.p.  125-126*.  Yield 
2C  2  g  or  98.2  % 

3.8.57  mg  substance;  7.538  mg  Cp|:2.923  mg  H|0.  5.726  mg  substance:  0.241  ml  (16.5*,  761  mm). 

Found  C  53.30:  H  8.11;  N  4.90.  CuH„04N-  riCl.  Calculated  C  53.13:  H  8.23;  N  4.77. 

4-{p.g-Dicarbethoxy-3-bromoetlni)  piperidine  hydrochloride  (IV) 

A  solution  of  8.25  g  of  btomine  in  60  ml  of  chloroform  was  added  dropwise  over  a  12  hour  period  with 
stirring  to  a  solution  of  15  g  of  ‘l-(5,g-dicarbeihoxyethyl)-piperidine  hydrochloride  in  45  ml  of  chloroform.  At 
the  end  of  the  addition  of  the  bromine,  the  mixture  was  stuied  for  2  hours  and  then  about  75  ml  of  chloroform 
was  distilled  off.  and  120  ml  of  dry  ether  was  added.  A  white  finely  crystalline  residue  melting  at  127-129* 
sepaiated.  Yield  19  8  g  (instead  of  19  03  g). 

This  substance  was  a  mixture  of  the  hydrochloride  anu  hydrobromide  4-(S.r  •:dicarbethoxy-£-bromoethyl)- 
piperidine,  wlilch  explains  the  increased  yield. 

In  order  to  prepare  the  pure  hydiochlo>’ide,  the  mixture  obtined  was  dissolved  in  a  small  amount  of  ice 
water,  made  alkaline  with  a  saturated  solution  of  potassium  carbonate,  the  separated  base  rapidly  extracted  with 
etiier,  and  the  ether  solution  treated  with  an  alcoholic  solution  of  hydrogen  chloride.  The  hydrochloride  which 
formed  was  filtered,  and  air  dried,  then  dissolved  in  dry  chloroform,  filtered  from  a  turbidity,  and  precipitated 
from  the  solution  by  the  addition  of  2  parts  of  dry  ether.  A  white  finely  crystallirie  powder  with  m.p.  138.5-140*; 
readily  soluble  in  water,  alcohol,  and  chloroform:  insoluble  in  ether.  Yield  18.08  g  or  93?*  of  the  theoretical. 

7.350  mg  substance:  0260ml  (24*.  732.5  mm)  0  1977  g  subsunce  :  5.49  ml  0.1  K  AgNO,.  Found‘d 

N  3.77:  Cl  9.85.  CoHa04NBr-  HCl.  Calculated^*  N  3.76.  Cl  9.52. 

Diethyl  ester  of  quinuclidine-2.2-dicarboxvlic  acid  (V) 

18.63  g  of  4-(3.S-dicarbe'thoxy-6-bromoeihyl)-piperidLne  hydrocldotide  was  dissolved  in  a  small  amount  of 
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water,  20  ml  cf  a  5C^  poussiura  caiboaaie  solution  added,  the  separated  ba  $c  extracted  with  ether,  and  the 
extracts  dried  for  a  short  time  with  poussium  carbonate.  The  ether  solution  was  then  filtered  from  the  potassium 
carbonate,  the  ether  removed,  the  residue  mixed  with  75  ml  of  pjiidine.  and  solution  obtaiired  heated  for  2  hours 
to  a  weak  boil.  Pyridine  was  removed  in  vacuum,  the  residue  was  mixed  with  10  ml  of  a  50^solutlon  of  potassium 
carbonate,  the  separated  oil  extracted  witii  ether,  and  the  extract  dried  with  potassium  carbonate.  After  the  removal 
of  the  ether,  the  residue  was  distilled  in  vacuum.  9.6  g  of  a  colorless  oil  boiling  at  9  mm  at  IS'l-lSS  was  obtained. 
Yield  75^  of  the  theoreticaL 

The  substance  possessed  a  specific  odor  remmiscent  of  the  odor  of  piperidine.  It  was  readily  soluble  in  water 
and  the  common  organic  solvents. 

3.890  mg  substance:  0.196  ml  N,  (22*.  738  mm).  Found‘d,:  N  5.66.  Ci,H,x04N.  Calculated  N  5.49. 

The  hydrochloride  was  an  oil;  die  plcrate,  yellow  prisms  (from  alcohol)  melting  at  177-178*. 

4.291  rag  substance:  7.430  mg  CO^;  1.854  mg  H,0.  2.292  mg  substance:  0.233  ml  1^  (10*.  75-h5  mm). 

Found  ‘Jc:  C  47  22:  H  4.83:  N  11.68.  CuH^O^N  *  C^HjOtN,.  Calculated  ‘Jk:  C  47.  j9;  H  5.00;  N  11.58. 

QaLnjchdir.e-2  carboxylic  acid 

A  solution  of  8.2  g  of  the  diethyl  ester  of  quinuclidine-2.2-dicarboxylic  acid  In  80  ml  cf  concentrated 
hydrochloric  acid  was  heated  for  8  hours  to  a  slow  boil.  Then  the  hydrochloric  acid  was  vacuum  distilled  or 
evaporated  on  the  water  bath  until  the  start  of  crystallization.  After  cooling,  the  crystals  were  filtered,  washed 
with  acetone,  and  dried  at  110*.  4g  was  obtained.  The  filtrate  was  again  evaporated  until  the  start  of  crystall¬ 
ization.  diluted  with  4  volumes  of  acetone,  and  the  crystals  which  separated,  filtered.  The  total  yield  of  quinu- 
clidine  carboxylx  acid  hydrochloride  was  6  g  or  98^of  the  theoretical. 

Fo’  analysis,  the  substance  was  dissolved  in  9^  of  alcohol  and  precipitated  from  solution  with  ether. 

Colorless  crysuls,  melang  at  292-294*  (with  decomposition).  Readily  soluble  in  water,  poorly  in  alcohol,  and 
insoluble  in  acetoce. 

4.925  mg  substance:  9.049  mg  CO^:  3.170  mg  H|0.  0.1208  g  substance*  6.22  ml  0.1  N  AgNO^  Fournl 

C  53.11,  H  7.20:  Cl  18.3.  C,a,OiN  Ha.  Calculated  ^Jb:  C  50.11;  H  7.36;  Cl  18.5. 

For  the  preparation  of  the  free  acid,  part  of  the  hydrochloride  obtained  was  dissolved  in  water,  mixed  with 
r^oist  silver  oxide,  shaken  for  2  hours,  the  precipitate  filtered,  the  filtrate  treated  with  hydrogen  sulfate,  and  fil- 
tcied  from  the  precipitated  silver  sulfide. 

Upon  the  evaporation  of  the  filtrate,  the  free  quinuclidtne  carboxylic  acid  was  obtained  in  the  form  of  a 
white  powder.  Foe  jxir  Jication,  the  acid  was  dissolved  in  chlo-ofonn  and  precipitated  from  the  solution  by  the 
addition  of  dry  ether  or  recrystallized  from  a  mixture  of  alcohol  and  acetone. 

A  white  crystalline  powder  with  m.p.  276-278*  (with  decomposition)  (according  to  literature  date  [4).  the 
melting  point  is  280*  with  decomposition).  It  is  readily  soluble  in  water,  alcoliol,  and  chloroform,  it  is  insoluble 
in  acetone  and  ether,  it  sublimes  Ln  vacuum  without  decomposition. 

7.596  mg  substance:  0.589  ml  N,  (19*  .  748  mm).  Found  ‘Jb:  N  8.92.  C^H^jO^N.  Calculaled  ‘Jb  N  9  03. 

2-Bfomoquinuclidine 

2.3  g  of  the  sUver  salt  of  qulnuclidLne-2<arboxyllc  acid  dried  In  vacuum  at  60*.  was  mixed  with  45  ml  of 
dry  ca'bor,  letrachlcride  1.4  g  of  dry  bromine  was  added  to  the  mixture  at  0*  with  efficient  stirring,  and  the  mix¬ 
ture  heated  for  30  minutes  at  80*.  Upon  cooling,  of  the  reaction  mixture,  the  precipitate  was  filtered  and  washed 
with  carbon  tet'achlor.de.  The  filtrate  was  shaken  with  a  saturated  potassium  carbonate  solution,  and  then  dried  with 
a.nhydrous  potassium  carbonate.  After  the  distillation  of  the  carbon  tetrachloride,  and  the  lemoval  of  its  traca'in 
vacuum,  0  27  g  of  a  yellow  oil  was  obtained.  The  subsunce  was  converted  to  a  picrate,  and  the  latter  lecrysiallized 
from  alcohol  A  yellow  crystalline  powder  with  m.p.  175*.  Yield  16'?bof  the  theoretical. 

4.338  mg  subsr  arce  (19*.  740  mm).  5.871  mg  substance:  2.606  mg  AgBr.  Found  N  13  17;  Br  18.88. 
C7H^BrN  •  CfHjOtNj.  Calculated  5>:  N  13.36:  Br  19.09. 
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A  mixture  of  4  g  of  quinuclidine*2-carboxylic  acid  hydrochloride  and  20  ml  of  pure  thionyl  chloride  was 
heated  for  3  hours  at  60-65*  (bath  temperature).  The  excess  thionyl  chloride  was  removed  in  vacuum  at  the  same 
temperature,  and  absolute  benzene  twice  added  to  the  residue  followed  by  removal  in  vacuum.  A  white  crystall¬ 
ine  residue  which  was  the  hydrochloride  of  quinuclidine  carboxylic  acid  was  mixed  with  cooling  \viih  strong 
ammonia  solution.  The  amide  formed  was  salted  out  with  potassium  carbonate  and  extracted  with  chloroform. 

After  the  drying  of  the  extract  with  potassium  carbonate  and  the  removal  of  the  chloroform,  2.3  g  quinu¬ 
clidine  carboxylic  amide,  in  the  form  of  a  white  crystalline  powder  with  m.p.  142-143“,  was  obtained.  Yield 
72^>of  the  theoretical.  The  substance  was  readily  soluble  in  water,  alcohol,  and  chloroform,  and  almost  insoluble 
in  ether  and  beruene.  After  recrysullization  from  a  mixture  of  alcohol  and  ether,  the  melting  point  was  unchanged. 


3. r  17  mg  substance:  0.573  ml  (18*.  733.5  mm).  Found  ‘Jfc:  N  18.43.  C«Hi40Ni.  Calculated  N  18.18. 

2-Cyanoquinuclidine  ‘  . 

1  g  of  quinuclidine-2-carboxylic  amide  was  heated  with  10  ml  of  thionyl  chloride  for  4.5  hours  at  100*  in  a 
sealed  tube.  The  thionyl  chloride  was  then  removed  in  vacuum,  the  residue  mixed  with  a  50^  potassium 
carbonate  solution,  and  the  oil  which  separated  extracted  with  ether.  After  drying  of  the  extract  with  potassium 
carbonate  and  me  removal  of  the  ether,  0.45  g  of  a  light  yellow  oil,  which  was  2-cyanoquinuclidine.  was  obtained. 
Yield  51^  of  the  theoretical.  The  substance  is  readily  soluble  in  the  usual  organic  solvents,  and  poorly  in  water. 

The  picrate  was  a  yellow  crystalline  powder  (from  acetic  acid);  m.p.  212*. 

2,775  mg  substance:  4.709  mg  CO|:  1.006  mg  HjO.  2.730  mg  substance:  4.620  mg  CO|:  0.990  mg  HjO. 
3.282  mg  substance:  0.555  ml  N,  (21.5*.  732  mm).  Found  ^loi  C  46.28,  46.15:  H  4.05,  3.96;  N  18.90. 
CjHuNx-CjHjOjN,.  Calculated ‘5fc:  C  46.01 :  H  4. 14;  N  19.20. 

SUMMARY 

1.  A  new  method  for  the  synthesis  of  quinuclidine-2  carboxylic  acid  was  developed,  starting  with  y-picoline 
and  mesoxalic  ester  by  means  of  4>(  6.6-<licarbethoxyvinyl)-pyridine,  4-(6,fi-dicarbethoxy-E-bromoethyl)-piperidine, 
and  the  diethyl  ester  of  quinuclidine-2.2-dicarboxylic  acid. 

2.  The  synthesis  was  accomplished  in  5  stages  wherein  the  yield  of  quinuclidine-2-carboxylic  acid  as  the 
hydrochloride  was  20^  of  theory  based  on  mesoxalic  ester. 
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